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PREFACE. 



Phtsiologt has been too much studied as a science 
of opinions, and too little as a science of facts. We 
have had abundant reasoning from scanty observations, 
and endless arguments, '^ long drawn out,^^ from the 
slenderest foundations. It is hoped this error has 
been avoided in the present little volume, in which it 
has been the object of the Author to condeuBe as great 
a number as possible of well-ascertained facts^ con- 
necting, them only by as much reasoning as may be 
necessary to elucidate their mutual relations, and 
ascertain, by legitimate induction, the general laws 
which they appear to indicate. The outUne of the 
plan to be pursued will be found delineated at the 
commencement of the chapter immediately following 
the Historical Introduction. To this, the Aulhor has 
nothing to add, except that, in all instances, he has 
studied to avoid the use of technical terms, or, when 
obliged to employ them, has taken care to explain 
them fully, either in words or by references to the 
plates. 

In the course of his work the examination of 
theories has occasionally been found necessary, and 
the freedom with which he questions doctrines ad- 
vanced by men whose talents have gained them uni- 
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versal fame, may appear to some to border on arrogance 
and presumption.. He begs earnestly to disclaim 
being actuated by any such feelings : he has had no 
object in view except the discovery of truth ; he has 
never for a moment supposed that his name could be 
placed in competition with those of the individuals 
alluded to ; but he has merely stated such facts, and 
adduced such arguments, as appeared to him incon- 
sistent with the doctrines in question; and by the 
reality of those facts, and the justice of those argu- 
ments, he desires to be judged. 

It will be observed that his work embraces only 
those functions, by which animals support their indi- 
vidual life, and maintain their relations with external 
todies : all consideration of the functions by which 
the continuation of the species is insured, has been 
designedly omitted. 

An acknowledgment of all the authorities con- 
-sulted in preparing the present volume, would have 
encumbered the pages with foot-notes of reference, 
and proved abundantly more pedantic than useful. 
It may, however, be proper to state, that of contem- 
porary" writers, the Author is most indebted to Serres, 
Magendie, De Blainville, Bostock, Bell, Arnott, 
Flourens, Edwards, Lawrence, Prichard, Desmou- 
lins, and Virey. 



ADVERTISEMENT. 



A REPRINT of this work being required during the 
Author^s absence on public service in the East, the 
Editor of the present Edition has carefully exa- 
mined the latest authorities upon the science, and has 
marked with brackets such additions as he has found 
it necessary to make. In justice to the Author, 
however, it must be said that, of these additions, the 
most important were anticipated by him in the errata 
of the First Edition, and the remainder principally 
consist of later facts and more recent opinions. 



London, 
September, 1889. 
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Chapter I. 

HISTORICAL INTRODUCTION. 

FHTSiOLOGTy or the Science of Life, was at first taught in the 
schools as a branch of Philosophy. In this way Pythagoras^ 
Alcnueon, Empedocles, and others supplied incidental notices 
of the human frame in their lectures on mind and matter. 
From such notices we could derive no instruction; and little 
entertainment, except from their absurdity. We may, there* 
fore, be excused for passing them over, and commencing our 
survey of the science with the first man who substituted 
observation for theory, and fact for imagination. 

Bom in the noblest days of Grecian literature, 

Hippocrates proved himself a worthy contemporary |^^* 

of Socrates, Thucydides, and Herodotus. He was of 

royal descent, his wealth was ample, and pleasures lay smiling 

in his path ; but disdaining the seductive influence of sloth and 

inglorious ease, he thirsted after that true nobUity which 

arises from superior knowledge, from more extensive power of 

doing good. His ancestors, expelled from Caria, where they 

had reigned, settled in the little island of Cos, and established 

there a medical school, the renown of which has come down to 

our days. In this school were duly preserved reports of the 

cases of those who came to be relieved of their maladies; and 

the collected observations of many generations, on the nature 

and structure of the human body, furnished abundant mate* 

rials to stimulate the curiosity and exercise the ingenuity of an 

inquisitive mind. Here was Hippocrates reared in **all the 
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kbowMg^e at^ ydstem" of the age. Mi MM^r-^etitM 
Hdu^ce^ftfncSy natarel hittoiy, geosmiry^ and -abtroMttiirj; 
and 'Having iSitiB.^i^pianid idB mind fov tiw gnbdiobj^H' at 
ivltidh he rnmed, he piioeeeded to tdm alL haa VEiied ae^b]^ 
itieiits to the attaining a jyerfect knowledge of the siiiaeiuife^ 
ftinidions, and disorders of the several oisgans of the LuinftD 
body. Distrusting the observations^ however extensivv^ inade 
solely in one place, he now determined to travel, and oompatt the 
ideas he had acc^nired at home with the opinions whicii prle^ 
vailed in othor countries. To this seaidi after knowledge he 
devoted twelve whole years, and visited Thiaee, Thessaly, 
Macedonia, Delos, Scythia, and many places in Asia MiBor* 
He spent mudi time at the temple of Diana at Ephesns^ wh^re 
be copied out the aooonnts of 'diseases usually inscribed on tbe 
votive tablets by persons who imputed their recovery fmm 
disease to the interposition of the gods; and having thus filled 
his mind with useful £euH» and observations, he returned to 
employ them for the good of his country and the benefit of 
mankind. We must not, however, think of following hina 
through the detaih) of a life which added honour to philosophy 
and dignity to science, but must confine our view to his attain- 
ments as a Phyfliologist. 

The question as to whether he ever actually dissected a 
hnman body would require too much space to discuss. How- 
ever, we find scattered through Ids works observations which, 
cofnsidering the time at which they were made, evince sui^^ 
prising intimacy with anatomical details: his directions for the 
jeduction of dislocations and the treatment of finctures bespeak 
a knowledge of the skeleton : and though human subjects may 
not have come under his knife, there seems little reascm ta 
d(mbt that his researches into the structure of other animala wete 
tolerably extensive. The prejudices which then existed may 
have interrupted his anatomical pursuits, but he showed, how 
highly he valued the knowledge to be thus acquired when be 
presented to the temple of Apollo at Delphi a brazen skeieCon^ 
as the most useful subject of contemplation for the disciple^ 



niltitom'idKNmni izititMiioiis of the eoMmu^ of n we ^ M ni 
«»(^ld^ tlie<di8oe^?«i^ of' iiYMoh knt sndi histie to iheelose if 
^ksif^hiteMt.^eaikary,i»o the doctiina of iho cisculatm of. Ibe 
Moc^yjby wMcb. o«r oonuliynum Hanrey io iittmortalwdy amy 
acfciudily be infennd at least to a oortoin extent^ from tenoi 
mde use of by tiie Father of Medicuie* 

' ' fie uras net ecpiaQy happy in othen of his explimatioiuk 
He supposed that in drinking, a small portion of water insinn^ 
ated xtaelf into the wiiid-pipe, which, from the great irritabiUty 
of its lining membrane, and the acevrate closuxe of its lid, w% 
now kn«n^ to be impossible. He tells .us the auricles of the 
heart are like bellows filled with air, to cool and refresh the 
boiling blood with which it is filled ; imd he occasionally uses 
lifts terms with such yagneness that we are at a loss to know 
lii» e:£aet meaning. But his failings were those of the period^ 
Ms eiccellencies were his own. He was a man who lived 
before his time. Little has been added by after^-ages to boa 
mode of distinguishing diseases*, and none, perhaps, have sur- 
passed him in skill in foretelling their terminations. 
About thirty years after him, Plato included in his f^ 
lectures observations upon the economy of the human 
body, and the principles of which it is composed. As they 
wcre^ however, rather the vague speculations of philoso|^bie 
xeverie tlian sober deductions from established &cts, a short 
itoeount of them will suffice. Setting out with two general 
pirinciplet^ €h>d and Mattery he conceived that the first fonn 
which matter assumes is triangular. Oat of these triangles are 
composed the four elementSy fire, air, earth, and water; and 
from these elements is the human body produced. He eon- 
ildetv the spinal marrow to be the part first formed; that this 
IBMrow then covers itself with bones, and these bones with 

* We should except from this assertion the improyements made by Atten- 
ytnggetua. Laenneo, in the mede of dlstinguii&ing cheat diseaaes by meana of 
jjfptpueionaiid tfaa use of the stethoscope ; whiohlaat we do nothesitate to declare 
the loost valuable addition to medical diagnotU that has been made since the 
ttattM irtifeh we flp«de. 

b2 
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flesh. , The soul he lodses in the brain, which he caUA-the con- 
tinuMion of the spinal manjow. and the ligaments hv; wmch 
this latter js he)d in its place, lie looks on as the bonds conneciinfl^ 
mind with matter. As he supported the doctrine that nature 
abhors a vacuuipni, he founded on it an amusip^ theory of respi- 
ration. The air, he says, which issues from the lungs through 
the mouth in Az^Vo^ion, meetii^ that which surrounds the 
body externally, pushes it, so as to cause it to insinuate itself 
into the pores of the skin, and so to penetrate till it has giune^ 
the place of that which has been expired; but afterwards 
returning through the same pores, it obliges the air to rush into 
the mouth, the only opening now left for it, and in tliis 
manner is inspiration produced. 

Aristotle, who was a pupil of Plato's,, imitated iii^ m 

turning his attention to the structure of the human 
^^* frame. He wrote some books on medicine and ana-^ 
,* tomy, which have not reached us. Perhaps we 
shoiuld the less regret this from the specimens of physiology 
which we find scattered through his gi'eat work. The Natural 
History of Animals, In no other part of his compositions lias 
he shown so culpable a neglect of examining for himself, — ^ 
easy a reliance on the statements of those he employed, His 
asserti(His that ^^all animals have flexible necks, except the wolf 
and the lion, who have this part composed of a single bone,^* 
and that " there is no marrow in the bones of lions," with 
others of this kind, are sad blots in his general accuracy. That 
his dissections were confined to the lower animals, and did not 
extend to man, we may infer both from the nature of his d^ 
ficriptions, and from his own admissions. [Yet let us not forget 
that Cuvier considered some of Aristotle's descriptions of quadru- 
peds superior to those of Bufibn, and that his details of the 
lower tribes of auimals are said, by Professor Grant, to be some- 
times more accurate than those of Cuvier himself.] 

The enlightened views of the Ptolemies gave the 
^^' first efficient assistance to this science, which we have 

seen hjliherto struggling through doubts arid absur- 
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hation to the medical schools. Thus was the foundation laic( 
br a rauonal physiology, and a tennination put to the strained 
anct uncertain analogies by which it was usual to rea3on on the 
namjEm llddy from what had been discovered in the lower 
animals. The first to avail themselves of thb important privi- 
lege were £rasistratus and Herophilus, the great masters of the 
Alexandrian school. "With an ardour worthy of the cause in 
which they were embarked, they applied themselves to cultiva- 
tii^ the extensive field of investigation thus opened to them, and 
they soon produced results worthy of their labours. Anterior 
to their days, it was usual to derive the nerves from the hearl, 
wnicti was made the centre of the feelings, the reason, and the 
pasaons : and so much more powerful is old prejudice .than 
even well-established fact, that up to the present hour thin idea 
prevails in common conversation, and we familiarly speak of a 
person being sad at heart, or of their heart being rejoiced within 
them. Erasistratus was the first who, by accurate examinatioQ 
of the human frame, showed the absurdity of these theories. 
He. traced the nerves carefully, until he found them all 
springing from the brain and spinal baiTow; he first dividedf 
them into two sorts, nerves of sensation, and nerves of motion; 
he first showed that they were the means by. which we take 
cognizance of the impressions made on the organs of sense ; and, 
$nauy, he raised the brain to its proper dignity, refuted* 
Aristotle's absurd way of considering it as a mere excrescence 
froi^ the. spinal marrow, capable, by its usual coldness and 
moisture, of allaying the fire at the heart, and showed it to be, 
w^at it really is, the true nervous centre to which all sensations 
are.99nyeyed, and from which all voluntary acts arise. ! 

He had' a worthy fellow-labourer in Herophilus, who 
fflMM^rs, to have lived about the same time, though we do not 
read oi Cheir co-operation. In &ct, their own works being lost^ 
only, know thom through such parts of their discoveries as 
referred to them by subsequent writers. Herophilus seems 
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chiefly to hare attaclied himself to the stndy of the pttbe ^ «ft 
indication of disease ; and to such minuteness were his obfieH^ 
tions carried^ that several of his pupils, 'we ore told, gat^ 4p in 
despair the task of following their master's refinements. He 
has also Ihe credit of having discovered the lacteal t«sk1b, by 
which the nutritious part of the food is conveyed from tlie 
intestines towards the veins; hut though he observed tlie 
vessels, it does not appear he was folly aware of their use. 
Such splendid commencements might have been expected soon 
to brighten into a glorious day, but the clouds of prejudice 
interposed, popular feeling, always most warm when most mis- 
directed, interfered to prevent the pursuits of science. ^Another 
king arose/' unpossessed of the same enlightened liberality; the 
privilege of dissection was revoked, and surgeons were obliged 
to practise, in all the awkwardness of ignorance, on the living, 
that art which they might have learned in safety on the dead. 
It may be wondered that the custom of embalming bodies 
which prevailed in Egypt, should not have promoted an 
acquaintance with their structure; but the people who .per- 
formed this duty, under the influence of blind superstition^ 
&ared to gaze on the wonders before their eyes; and when 
men were found anxious to inquire into the secrets of nature, 
they were assailed as sacrilegious and impious, and were said to 
have carried their investigations to the inhuman length of dis- 
secting malefactors alive, with as much truth as the old fii^ie 
i^presents Medea to have thrown men into a boiling caldfon, 
because she first introduced the wann bath as a remedial 
ag^t* 

From this time centuries passed virithout a new fact being 
discovered, or a new observation made. Physicians confined 
themselves to forming theories, and writing commentaries on 
the works of Hippocrates and Aristotle; sui^geons to the 
inventing a new form of bandage ; and Phannaceutists to col- 
lecting roots and plants of which they knew neither the 'nature 
nor the properties. Physiological knowledge was totally at a 
stand, and the medical world seemed solely occupi^ with the 
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f^90]44i8pi^'})etweeai tbe tlu»e seet8 pf Dogmatisioy EmjiiiicjSy 
«ii^,S«^pl^,iiito Yfid^h it w^ divided. 

. t In i^e s;ecQ]i4'Ce^tiiry after Clu;ist^ under Adrian and several 
«c«*tog:ep^«, Uved Galen. He^vasamanof '; 

idX^mmJfA t^amjUig, much ingenuity^ great eloquence, ^1q* 
and ^x:€esfiive v^outyt He aspired to be the leader of 
Hbe paftdical opii^ons of the age, and his success succeeded even 
1U» wannest expectations. For more than thirteen centuries 
he reigned in the medical schools with as imdisputed sway as 
did Axistotle in the metaphysical. To doubt his doctrines was 
eoBsidered heresy, to question his dicta the excess of scepticism. 
Bid seems to have been the first who ascertained physiolo^cal 
&cts by experiment. In this way he proved that muscles owe 
their power of feeling and motion to the nerves with which they 
aie supplied, as by cutting these nerves, or applying a ligature 
tightiy round them he paralyzed the muscles: he showed t)ie 
locmation of voice to depend on the muscles supplied by tl^e 
lecuxrent nerve^ as on cutting this nerve animab became dumb : 
ba refuted the old opinion that arteries were filled with aii*, 
and showed that during life they contain blood: he held that 
the jnesenteric veins assisted in conveying the chyle (or nutn- 
tions part of the food) from the small intestines; explained the 
fiiiipiioiis of the kidney, and described the duct by which the 
bUe is conducted &om the gall-bladder to the duodenum. H!is 
gf^ifift] skill seems to have been very great, and his general 
knowledge immense. But we are not more attracted towards 
GaJ^ by admiration of his vast genius^ than by observing the 
depth of feeling with which he speaks of the wisdom and good- 
«e9p Qf God, and the generous in^gnation he expresses against 
Huist^ who, in the pride of a vain philosophy, attempted to 
question His existence. 

".Why," he asks, "should I further dispute with such 
baifligs derived of reason? • . . , The Father of all nature has 
l^ved his goodness in wisely providing fi)r the happiness of all 
hi« i^Katuxes, in giving to each that which might be really 
iu9fj^ ^.jth^on ; he has shown his infinite wisdom in choosing 



^Mmfifi^ of •hii'otiuiijpdtonb^ InevoiM^ ^y^^hSatg^p^sdseAy 

,eviif<MiitAlAetoilsdeBti]» •'. • . Tbrbe^t^coiMBtK^'ii^liki 

^i&^ilfieliigifaecktoflilJBy or tsiunting a^thooflaiid ddioiviifrpetfktmfJB 

Uto^foli 'hononi; but in aeknowledgliig and prooMifiing iitoa(|'hi)B 

wisdom, his power, his love, and his goodness." ' ' '. k \ ■ -l 

' >-^1iere"now followed a long period of total d^rku^, in 

^hibh the minds of men, in the gloomiest depths of i^^UmI 

fyr^fltmtion, were content to register absurdities and petpjetmite 

Mistakes. During this time, rational Physiology was ahnost 

ysaCdnaoiy and, in its place, men were content to explain the ph^- 

•^«Kim«na ^ life by astrology and alchemy with Paracebus; by 

dEiik' ^urthmuBy or intelligent being, placed in the epiga£f^)e 

^Mgion' with Van Helmont; or by 'animal spirits' wi^ Des 

■""•' ' Cartes. The person to rouse the world from their 

'''15'^* long sleep, and prosecute science by the true nsode of 

examination and experiment, was Yesalius. Qi 

^reat talents and an inquiring disposition, he early eviniced a 

d^icided predilection for Anatomy. So powerful was this taste, 

^hat to gratify it, he has stolen bodies from the gibbet, and 

dissected them in his own bed-room. The results of such 

investigations were not long doubtful. He soon proved,- that 

Gralen's anatomy was in many places faulty, and generally 

taken from apes and other inferior animals; he hesitated n6t to 

make public his discoveries, and at the age of twenty-live, 

undertook and produced a treatise on Anatomy founded on his 

own dissections, which for arrangement, copiousness, and 

accuracy, is admired to this day. 

Of course, such a revolution in the medical world wonM 
not be tamely submitted to by those who had grown gray in 
the belief of the infallibility of Galen. A powerful party was 
fi>rmed against our young innovator, his doctrines were de- 
nounced as heretical, and having some time after gcdned permis- 
Mon to open a young Spaniard, who was said to have died of a 
singular disease, his enemies spread a report that the young 
man's heart had beat on being exposed, and accused Vesedfiis 



^i^«91[KMtiti<W4>£ a<»i»i]g^($%ftliplL»). whose fby^cim/liis 
"WiM^-owU ha^e ffaiv«d^J|iiii from mi jg»i9tiuHSi»w deiAh.; Jie'm«i» 
^fymiFvrr «Kd«i!«d t».«:i^i»(ie Jeda «in^ by • p»lgritiiiig»:loiibe 
Juiljr. lAid, in veMunUlg. fim]^ whkh h^ was ikipusncked^iaad 
died A.D. 1664.' . ' i. -,.r 

ShHi pbr«hed VeitoliiUy a nuartyi* t» ]i«hld¥« forscttnce: 
lN»k the fl|»int of inquiry: whidi he had anmaed, |p«iahild'Mt 
with htm. ' Tho fetters of authority" that 80 long had canawpe^ 
ihe iqaimIs' of men were hrokep, and they stacted forwwd im 
tbe new eoune that was opened to them, with all the YTg/mt'Oi 
**M gjani ]!e£reshed from sleep." The following^ centui^ waa 
signalized by three discoveries equally beautiful and importaat;; 
jdiaooveries, which lent to physiology a new interest and •dtaih 
nea)^ and first raised it to that elevated situation^ which it now 
maintains* These discoveries were, the lacteal vesi^ls' l>y 
Aeellius^ a Professor at Pavia, in 1622 ; the geoaial lymphatic 
ayBteniy by Olaus Rudbeck, a Swede, in 1651 ; and the giea^ 
dlsoovery of the circulation of the blood, by our own country^ 
man Harvey, which in some measure led to the other two^ 
and which was first announced in the year 1619, 

'We may be permitted to say a few words on each of these 
discoveries. 

Harvey, aflber having graduated at Cambridge, proceeded to 
Padua for the purpose of prosecuting his medical studies. 
Fmm his anatomical instructor here, the celebrated Fabridus, 
he learned the lately-discovered fact of the nature and struc- 
ture of the valves found in the veins; he also possessed himself 
af the observations of Servetus and CiesalpinuSy respecting the 
passage of the blood from the right side of the heart to the left 
ihxough the lungs, and also of the efiects of ligatures applied to 
the vein^ in living animals, causing them to swell on the side 
remote from the heart. Carefully reflecting on the knowledge 
thus acquired, enlarging it by accurate dissection and repeated 
caq»eximeat, he at length arrived at the clear and perfect de- 
s^ff^lrti^tinn pf the double circulation of the blood, which he 
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/teaglii ikt kct»ri» Mtearly as 1619 : and of vhieh 1m puldia^iad 

• Ms tbeauAiful ani ^lUosofibio pn>o& in ih» work ^lUtiM :£W^ 

* -ioto^' ^iMtfcmm. dtf Mdu Cordis et San^uinU in Amms^iKma. 

< Fnankfiifft^ 1€&8. It ww not to hare been exfieetAd, thMiihe 

< prajudioes of centuries would be tamely Qun^adered (to Us&Al 
eyer so fairly propounded* Accordingly Harvey eooa UmoA 
that he had excited against himself a host of oppooentfl^ who 
aooordSng to the mast approved method in suchcases, ficst 
4bmed the truth of his assertions, and when these were prov^ed 
by inoeatrovertiUe experiments^ then turned round and de« 
ddiad^ that all this was to be found in Hippociatei^ Plato, ai^ 
Axistotle^ that they had been long acquainted with it; and jn 
ahort^ that like the Bourgeois gentilhomme, ^^they had baan 
^qpeakiag: pceee forty yean without knowing it." 

Oae of the fint to enter the lists against him, was Dr. 

« i^nmiose, and perhaps^ it may be entertaining to adduoe fivaa 

i^s tmt published in 1630, one of those arguments by wluch 

'i'Harvey was attempted to be refuted. For Harvey's theoiy^ it 

'WBsnecessary that all the blood in the body should pass thBou^ 

< (the heart and arteries^ and he, by a very ingenious cakalatioii, 
I istowed that they were fiilly competent tp the office* fie fyir^ 

•tkcr showed that they were constantly full, by the edmple ex- 
^•pemment of openii^ one in the living body. To this PcimzoBe 
replies, tliat the arteries did not really contain blood enough, to 
cany on the durculation ; that the reason why they'appeaiad to 
do so might be expkined by reference to a well-knowga $|et« 
<^ A little milk put down in a large vessel wiU, by the haal of 
tiie fire, entirely fill it or even boil over, la the same mwnmv 
a rery little blood fills the heart and arteries, te««M ii MU 

Harvey had the good fertune to outliva the silly oppenlieit 

'to his arguments, and to see his dootrineaembiaaed bjy all en* 

l^;htfined jEHad liberal persons. His iuTestigationa were Dot 

I eonfined to the human body, but extccnded to several of tho>«t-* 

£nior animals, for which he gained the ridicule of his i^mUvDL^ 

' potarias,: who oonsiderad eueh aubjecta as benaath the i^iejltoi^of 
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a fJiU«tt0^het>; biit they led fahn to A-nifotaitiiMei' of tiidibeeiy 
of ^EfUivoeal G«Betiitioii/' ao fkVMmible to the views of lilie 
tftSieisfc, and enabled him to establii^ the> importeit £E»t,vtbftt 
evevy living being had its origin ftom some anteeedcnt ihnsig 
iMPing by means of an orom or genn, or to gire his own briief 
and comprehemave form of expresaton, *^ Omnia ex mfo,** 

We fiiiall speak mors briefly of the other two diseoveries, 
as being less interesting to the general reader. It will be le* 
membered, that we stated Herophihis to have observed tke 
kcted[ vessels. As he did not, however, explain their nsSSy 
tile recollection of their existence soon passed away. AsdUtts,* 
in opening a living dog for the purpose of noting tho mote* 
ments of the diaphiagm, observed several white filamenls ma* 
ning on the mesentery. These, at first, he mistook for BsrvieB, 
butTbavii^ punctnred one of them, he found it to eitiide a 
white milky fluid. At this si^t, he says, he could bMoo 
restrain his joy, and turning to some noblemen who w«re pite« 
seat at his demonstration, he called on them to witness, ihis 
triumph. He did not stop here, but by many ezpeiimBBts 
and •observations, showed their true use to be the takii^ upithe 
vatriiious matter of the food after digestion, and conve^sai^it 
into tile circulation. He fiuled, however, to trace thesomoaieLi 
to their ultimate termination, a task which was p e rfuBui pd 
almeat at the same time by Rudbeck, Bartholin, and Joft/ffs. 
They discovered vessels similar to those of Asellius thvafugh 
•H parts of the body, to which they gave the term lymphatics, 
£poat the dear nature of the fluid they carried. They idso 
^ysoovered the grand trunk of the whok system, to which 
Pecquet who had also observed it, gave the name of tkoram 
ducty and they traced it to where, emptying itself into the sab- 
darian vein, it joins the general circulatory system. 

This century boasts also of Malpighi, whose researchies lato 
the intimate structure of organs, have opened the way to iia* 
poftant results; and of Ruysch, who first invented the mode 
Hi injecting vessels with a substance (such as wax) which on 
OMiia^, should become soUdy and thus enable him, after ve- 



applications, to obtain an exact cast of the minutest 'paV6s^<if 

'• > < VouMtids' the cdose of this^ and eoimnencement of the foUow- 

j km; i: I . II. fn^centufy, flouHshed Herman BoerhaaVe. . His 

V/<<)b— 17*^0 ^'^^'^^'^ (such as it is) most depend rather on 
• ' * hib medical skill than on anything he did for 

Pkysiologfy:' He had more learning than knowledge, mord 
ildq(u<NiOe than judgment: his clerical education (he wasori- 
gInaUy dostltied for the church,) inclined hiin rather to meta- 
pkysical inquiries, than to the observation of facts : he was A 
OMWiboaiator, not a discorerer, an ingenious reasoner rather 
th«b an original thinker. Following in the train of Bellini 
(piailBorolli, he may be said to have brought the mechanical 
^obool of physiology to its height. In their hands, the body 
WoaUie nothing more than a hydraulic machine, in which all 
t^d.iutnctioiis of life were carried on by mechanical movements, 
subject to the same laws as inert matter, and equally sus<^ep- 
tibie of mathematical demonstration. Of the certainty which 
might thus be arrived at, we ^all give one example. Boreltl 
and KeiU separately calculated the force of the heart's action 
coa the blood, when, after the same show of formuls and' 
diigrams^ the former concluded it to be 180,000 pounds,' 
ml^ the latter, reduced it to the moderate sum of eight 

Of Hoffmann and Stahl, we shall say nothing 
1718 ^'^^^ than, that having framed theories, they 
showed Buffioient tact in twisting &cts so as to sup- 
part them. They seem to have adopted the poet^s idea, 

Rm n^imgtfe inlht, baud me relMM. 

Bat people were now getting tired of hypotheses that supposed 
everything and proved nothing; that might have upturned the 
wirtd, had they a single point whereon to rest. Lord Bacoa 
bad eome time befbre shown the true method to be pursued in 
aeqidring knowledge, and the application of his mode to Phy- 
flielogy foms the most important epoch in the history of that' 



The man by whom the application wa9.nwa4€(9'!^?vll»)HaUfih 
, l^xfmh^ e^ljie^t! childhoodi , hi« had flibowi^'iDail^ of 
■ IwL^ dmded geniue. To the fervid iaemgm^tion of a poet, 

., i !be^de4. the ^lid judgment pf a phil<>aoph,^ti' ' ^!^^ 
ihfd one h^ derived an entJjLUBiaam which, w^ i^^ther'to be re- 
Palled by difiicultiesj^ nor cooled by opposijtion;, ;&om the<othi6t 
an. ajCcWacy .9Jt Inyei^tigation that penetrated the mo^iskatfiil 
sQphl^mSy and a boldness of spirit that feared not t6> eiitpose 
error^ by whatever authority it was sanctioned. 
^ , Well aware of the intricacy and imfnortancd of his subject, 
he eypent many years of unremitting Ubonr, in preparing him-' 
self to treat it in the manner he felt it deserved. Affcfer miEikiiig 
himself master of general science, he proceeded to Tubhigcb^ 
^here he studied comparative anatomy under Duvemoy. ¥w»d 
that, he removed to Ley den, which at that time (19126y) 
counted amongst its professors Albinus and Boerhaave^ 

Having spent two years here, and displayed very adoaiBter 
^gaatpmical knowledge in a thesis, which he published ; he went 
Uf England, where he made himself acquainted with the views 
of Cheselden, Sir Hans Sloane, and Douglas, then our most 
celebrated professors. He then proceeded to Paria, >vherQ.bi> 
atudied anatomy under Le Dran, famous for his surgical skill; 
and afterwards to Basil, where, under Bemouilli, he completed 
his mathematical knowledge, keeping up, at the same time, 
his habits of dissecting. 

In 1734, we find him lecturing on anatomy at Berne, his 
native town ; the year following, intrusted with the hos^it^ 
and public library; and in 1736, George the Second, being 
anxious to establish a character for his new university at Got- 
tin^en, offered Haller the chair of medicine and anatomy^, 
whic|i he accepted, and read his inaugural dissertation in Sep-* 
tember of the same year. From this his fame daily increased, 
and, with it his endeavours to merit it. Not confining himself 
to i^e mere duties of his situation, he extended his laborious 



rds<4Mii«^to'«te¥y bbfebt ili^Tth;)r the attention ^tke p^^iHieM 
or tbe philodopiheh He tells ns himself, in the preftoie t^ him ' 
JES^Mekts4^PkjfsM^y ihAl he had disseeted three' hiliidied 
a&d' fifty hnnuML bodies^ and a still gnaiefr number of infetwr 
BnlttialBy many «f them alire. He had repeated all the expeti- 
itteists of thote who went before him, imd instituted many new 
ondU of his own. He had engaged his pnpils, several of whesi, 
suoh as Zinn, Meckel, Zimmerman, &e., afterwards attaiaed 
the highest oelebrily, to undertake each the escaminatioa of 
Sonne diffieuH anatomical or phyMological question which he 
proposed to them, and the results of which he himself OTer»- 
looked. He examined the motions of the heart and lungs in 
living animalB, explored the course of the blood in the trans^ 
patent vessels of cold-blooded animals, described the formation 
and growth of bone, explained the difference between irritabi- 
lity and sensibility, the former of which he attributed to 
mtiscles, the latter to nerves, and made a series of masterly and 
accurate observations on the chick in ovo, from the time of its 
app^amnoe as a red pulsating speck, until, complete and 
finished in all its parts, it breaks the shell and issues fovth 
to ^ life and light." After twenty years spent in such pur- 
suits he ventured to commence his long-projected work, yet 
with all the modesty of true genius, he declares his feeling 
that his preparations were not yet sufficient. The world, how- 
ever, decided otherwise. Struck with the beauty and ovdier 
that pervaded every part of the work, with the accuracy of his 
experiments, the force of his arguments, the candour with 
which he attributed all due honour to oth^ writers, and the 
modesty with which he proposed his own opinions, they 
declared the Elements of Physiology to be as proud a monu" 
ment as was ever erected by genius to science, and conferred 
(HI its author the .title which he still so justly bears, ^'The 
Modem Father of Physiology." 

It is gratifying to know that Haller was as estimable m 
private, as venerable in public. In his youth, he had been 
drawn away by the specious plausibilities of the French Enc^- 



clop^li^ti U>.6XfKefi& mm» donjbtsof the truih^^f QuiaMAsityv:. . 
b]3j(iiliiar waa not a mind that eouki rest !9ati9fied.with,!4oql>t« . 
He 9^i himself to a deiliherate. and c«mfdl myee^gfttioa of. tb^ 
aigmsvents on each fflde, and the result was^ as it Qv^n wiUi he^ 
whm the egmmi,iialtM«i is loade vith a Qa«4id» 8bi^le» and. w$rt. 
p«t^itd>Q€4 mad, a thonyogh coavictiQn of the imth 9f ^(mt-. 
re)^s«|]i» and of the miaerios and evils whieK ev#]i in a • teiAr 
p«nUi«lajte, would aiteni on a general prefesedoKi oi ioMelitf^ 
Theve can searoely he a more splendid ohjeot of eontempla^aii 
than the mmd. of this great and good masx, graduallj freeiijig 
its^ from the chilliog wsts of Beepticism, and the cloud«^ of 
fadse philosophy^ to attain the glorious light of a full and pei« 
feet .:^th. Such a spectacle are we^ presented with ixi his 
Idtters^ his JBrirf Demanstraiion of the Truth af Chris^iamii^^ , 
his Preface to Formey's Examen du Pyrrhoniamey and in se vexsal 
paasagea scattered through his i^umerous works. But both our. 
c<Miftned limits and the nature of our undertaking preyent us . 
puastting this subject further at present. 

Before Bailer's days Physiology was little more than a colft 
leetioDL of isolated lacts. He first gave it ^^a local habitation 
and a name." He has formed the grand outline of a science 
which it has been the office of subsequent labourers to embelrr 
lisb. and fill in. 

Here then we shalL terminate our Historical Introduction^ 
To. proceed further would be to enumerate names. John 
Hunter, Bichat, Cuyiery Blumenbach, Majendie, &c., already 
familiar to every ear, or to give a summary of their discoveHes 
which must be found more at length in the body of the work. 
[The Chronological Table at the end of the work will supply 
the jsmaller links in the history of Physiology,] 
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Chafteb II. 
LIFE AND OBGANIZATTON. 

To uiyesligate the laws of animated naiuie ; to trace the pkat 
from tiie aeed, or the animal fiom the ovum; to observe thensk 
developing the qnaUties, or performing the ^utiesy to which 
they have been destined by an all- wise Creator; to inquire 
into the beautiful structure and arrangement of oigaiu hy 
which they are enabled to ^^liye and have th^^ being;" tor 
notiee their rise^ progress, and gradual decay, from: the tima 
that, radiant with youth and beauty, they spring up to li&. 
and the light of day, until, exhausted and worn out, their 
appointed time being come, they again return to the earth 
^ whence they were taken ;"-*such are the Interesting, the all*^ 
iJ}8orbing objects of a science that has hitherto been considered 
too dull and abstract to engage the attention of general readers, 
too theoretical and inconclusiye to extend beyond the schools 
oi medical philosophy. 

That in pursuit of physiological knowledge there are many 
difficulties to be overcome, it is not attempted to deny. ^^ The 
gods," says the old poet, '' have placed labour and toil in the 
way leading to the Elysian fields." But many of those diffi* 
eulties arose from the subject being enveloped in technical 
language and interspersed with technical details interesting 
only to the profession for whom works on this subject haYO 
hitherto been composed. The habit, too, of presupposing a 
knowledge of anatomy, which general readers cannot he ex- 
pected to possess, has increased the obstacles that lay in the 
way of this " proper study of mankind." 

In the present little work an attempt will be made to ob- 
viate some of these difficulties. The prominent facts of the 
science will be stated as far as is practicable, in &miliar language. 
Anatomy will be introduced to the extent necessary for under- 
standing the physiologiccd matters under consideration, and 
wood-cuts will be occasionally resorted to when found to be 
the most efficient modes of explanation. 
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When we tnm onr eyes abroad, and contemplate the ever- 
'varying scenes by which we are sutrounded, the endless diveir- 
flsty of bodies, eaeh filling its appropriate part ia existence, and 
eaeh seeming to obey the laws impressed on it by some master- 
BifAlf; we <}bserre that certain of them are withdrawn, te it 
yf^fKy tMn. the more general laws to which matter is sabjecty- 
BoA ^dowed for a time with a peculiar power, in consequence' 
Of Which they become famished with a new and peculiar set 
of properties. These bodies are living bodies; this power is 
Kfe. Living bodies are usually divided into the animal and 
vegfeiable kingdoms. It may seem at first sufficiently easy to 
mark the distinction between an animal and a plant, and as 
long as we confine our views to the higher orders of animated 
Beings there is no room for doubt. But when we descend in 
the scale 'to the radiated animals, which present a nervous' 
system but partially developed in some cases, and invisible in 
others, no organs of sensation, no observable mode of connexion 
with the external world ; it then becomes necessary to inquira 
more accurately into the peculiar points which should decide 
us to arrange them under the one class or the other. Perhaps 
the most certain of these is the presence of a digestive organ. 
This, in its simplest state of a bag, with but one orifice, into 
which the food is conveyed, and from which the excrementl- 
tiotts matter is rejected, is invariably found to exist even in tli6 
sfanplest state of animal life. From this bag arise small pores 
or vessels, through which the nutriment passes for the support 
of the body, while in plants this ofiice is performed by roots 
communicating directly with the ground ; and, it will be ob- 
served, this variety of apparatus is a necessary part of the 
dedgn which conferred the power of motion on the former, 
and which denied it to the latter. Cuvier mentions three 
other marks of distinction which, however, are by no means so 
general. They are, the presence of nitrogen as one of the 
chemical components of all animal bodies, the existence of a 
circulation and respiration. Nitrogen does exist in all animal 
bodies; but some vegetables, the ea:teiisive classes of fungi and 

c 
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fmi^&ipmlicki ttiso ooiklAin it^ and in eafiiny a pttnxiij^lo «xi»i0f!idd 
ftomoofiti^ thdro la actually a fft«ater qn&ntitf of it tkaaii kk 
moet animal substances. CiicukUon is net favndtaeiditif^ 
tbe^^krw^t class of animals^ but some animaleules \a^% «idiple 
msMlB ; insedts hav^ the dorsal ressel, and erabs hove « diMlteiet 
one^elled heart; so that^ from the prasenee of the wfotfUfim^ 
may infet the eadetenoe of the j/wuHon of eiicttlation. jIb M 
MpiMtion, the leaves of plants so exactly rasemUe in tiielr 
action the Inngs of animaLis "i taking from the air these partB 
that am nsefiil^ and i%iunung to it such as ore nnneceasary oi* 
i^fntiotts, that they are now familiarly spoken of by regetahle 
physiologists as respiratory organs. 

What life is, we know not; what life does, we know Well. 
Life cotmteracts the laws of gramty* If the fluids of our bodies 
fallowed the natural tendency of fluids, they would descend to 
our feet when we stood, or to oujr backs when we lay. TIte 
onuse why they do not may be referred immediately to the 
aetion of the heart and vessels; but it is evident that they 
derive that power from life. 

Life resists the effects of mechanical pctoers. Friction, wMch 
will thin and wear away a dead body, actually is the cause of 
thickening a living. The skin on the labourer's hand is thick- 
ened and hardened to save it from the effects of constant con- 
tact with rough and hard substances. The feet of the Afriean^ 
who, without any defence, walks over the burning sandfly eic- 
hibit always a thickened covering; and a layer of fat, a had 
conductor of heat, is found deposited between it and the Mih- 
tient extremities of the nerves. Pressure, which thins inop* 
gdnic matter, thickens living matter. A tight shoe produced a 
com, which is nothing more than thickened cuticle. The sanies 
muscle that with ease raised a hundred pounds when alive^ld 
torn through by ten when dead. 

Life premfits chemical agevu^. The body, when kilt 't^ 
itsdL^ soon begins to putrefy; the several parts of which it is 
composed, no longer under the influence of a higher conti^k^ 
poweri yield to their chemical affinities; new combinations are 
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liUiimtbe ardtie eitd^ the tonpeiaiiure of ih^ hmnaQ body h 
iMipd i^ialteiied wlkoa examiiMd by th9 thenoftwoidteT, DmIm 
ISondjrce^ Sir GbarlM BkgdeD» aad oihei% expoBdcl tb^viselyfvi 
t» w lieatod flJb<yre the pcmit a( which water boihi^ y^ « jUi«rr 
SMliieittr inserted under the tttigiie stood about iteiisuaL beighl 
«£9B'*t(»100°; and the sailors^ who^imder Captain Parry, WJilt 
teusd so. nesir the North Pole^ wh^i eyamined in the soiae wayi 
c<»stantly afforded the same results. 

'SuhbHj, life m Md caunqfthecoMUmt chamgei th$^ ar€ ffoUtg 
firmard t» nur hadiee. Erom the moment that our beis^ o&mf 
menoea^ none of the materials of which we are composed ema*^ 
tiMe stationary* Foreign matters are taken in from wiihooi^ 
aiid» by the aeti<Hi of what are termed the assimilating fam^* 
tioos (to be explained hereafter), become part of our compor- 
ffltion; while, on the other hand, the materials of which cfuft 
^Eane had been built up, being now old, and unfit any longer 
^ the performance of the necessary duties, are dissolyed, as i^ 
wan, into a liquid or gaseous form, conveyed by the absorbeip^ 
^m the place which the new matter comes to occupy, ;aad 
finaUy expelled from the system hy the outlets provided fur 
this purpose* In this point of view, then, it is life which gives 
unity to the several successive combinations of matter that 
appear under the same general fonn; and from the constancy 
of thia form results the certainty of our divisions of aniwu^ Vf 
into i^eoies. The utility of such an easy mode of recognition 
mi^ be obvious* Had the anangement been otherwise, and 
the general forms been made subject to change, we should have 
had no means of distinguishing, at a distant view, uoxiona 
aniTiHiV' from such as are useful to our comforts or our luxoi^es : 
tho.wokf might have dwelt amongst our flocks, for the eye pf 
tlMilhfV)ipl^^.^o^ld then have Hailed to detect him* 
w Sv^j^'Teiy essence of this constant addition of .n^1tc 

c2 ' '■ " 



piEtrticIes, this ctfristasit ikxteiiiAl' motion iii out* textonii^TiI^ad^ 

to the ultimate dedtrueUon of th&t life of whidi'ii m a'pfettinft 

result.' In childhood the whole supply is i»eeaautyiar^ihm* 

tSiiniitg our growth and developement. I%e season^ howeveli^ 

f6ir this, is soon past. Athirth^ the diild usuallj possess^ 

more than one-ft>urth of the height to which it wiUattem^ 

odie-h&If' is gained when it is two years and a half old; thiect- 

fbnrt^s Between ten and twelve; while its full stature is dom« 

pleted generally at the age of eighteen or twenty. For a tim^ 

the wOd restleissness and unceasing exertions of youth work off 

the additional quantities of nulritive matter supplied' by t%o* 

rous powers of digestion. But the youth beccHnes a mani. 

¥he serious business of the world commences. His coteless 

recklessness, his wild exuberance of spirits, which evineed 

themselves in constant exertion, are now sobered down. He 

becomes more sedate, his actions less violent. The particles 

which are now added to his frame begin to increase it in b«blk* 

His muscles acquire additional weight, his bones increased 

^lidity, and fai commences to accumulate in the cellular tex- 

luii^: He is, however, still powerful and vigorous, he is^. m 

$aet, in the pride of manhood; when the perfect body is 

^viemed by a matured intellect, and the consciousness of power 

is ntoderated by the calculations of wisdom, \ 

^ The change still continues. The fibres of the body become 

mot« and more rigid; the solid parts increase, while the flui^ 

diminish ; there is no longer the easy pliancy of limb^ the €jeid- 

bility, the grace, the facility of motion. If matter continues 

to be added now, it is laid down in the form -of &t, which 

9dems the least animalized and easiest secreted of the prinoiples 

^ our bodies. It collects chiefly on the fiioe^ hands, hinei^y 

and in the abdominal cavity. We then have 

'■ •...;..•... TheJiMtloB' : > > ' '>''i 

In fsbrzoQBa belly with good wSOn lined* . ; ,, i ; .^, 

But jperhaps the digestion begins to £dl m^hfleabso^tlMi 
itin contittoes itis prbgttsss. The materiiJs are icatfzied offtftofeor 
*%tlati i^ii<6wed. 'The system tnakesraUt strnggbi^iahisillWs 
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pMpoQdeEanee; tii« &t which hi^bc)^ fjf»Yi^^y. depo9Hed U 

ttaUed dn to ianut in the geo^raiL. nutrition. .« Tih|^ supply ia 

firaaklj lexhansted. The deuBlty of the Uxta^ lias now 

^liaosrt readied its utmost. The vesoelf no loijiger yield, to the 

fiaidr ^i^h difitends. them; itai courae is ohstructed, th^ circu<» 

laticxL'ghtews slower^ with it the animal heatb is d^inished* 

The<extrem]jfcies of the nerves, lacking the moisture neqe^sary 

to 'the proper execution of their fiinctions> are no longer ^fi^ected 

hjohjeotsas heretofore. The ear hecomes hard of hearing f 

&e eye is dimmed ; the tongue has lost its taste. The flame 

of life bums more and more feebly> till at length the worn-out 

firame ** Sinks to the grave with unpeiceived decay," and gently 

yields its spirit to the God that gave it. Thuff the physiologic 

coiifiiaiis ike poet's maxim, 

« omnesunanuuietBoxi 

Et calcanda Bemel Tia lethl, 

^md evinces the necessity of what holy writ declare^ ^ Jjb is. 
erdained unto all — once to die." ' , 

' The amplest form in which 'we see life disj^yipg it^eli^ 
requires a structure of solids and liquids; the solids fonnipg 
medhes or cells in which the liquids are contained^ and. 9 
katttoal action and reaction appearing to exist bet ween, themu 
This is the earliest efibrt at organization, and is nearly a de- 
Mfiptiou of the lowest orders of animals and plants. For 
lostonoej the meduse, those jelly-like masses that are observed 
floaling on the sea, are little more than a double sac> contain- 
iihg" in its intervals an immense quantity of wateiy fluid. Their 
Chief function is nutrition, which is equally performed by the 
external suf£bu», aaswering to the skin, and the internal, r^e- 
e^Etingcthe digestive ovgans; and a hydxa, or ftesh^water 
polypus, when turned inside-out will continue to live aauiiUAly 
the external surfMe- then appearing to become the stomachy 
and the internal' the skin. Yet even this structure, simple as 
ffc^ti|||.>e(ianotft<ibe ifiRamed or. imitated by the meet, ii^g^liious 
lelsUiIy^iRfnluaiiGu. His power is confined to inozgfMaic matter. 
i^Bllk^^eiQpisticiMi-aKBolTe green vitriol inko i^tfil coiv^poi^i^njt tariff 
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milplniii<i acid and oxide of iron; lie can pnt those pftifa 
together again, and make the Vitiiol as perfect as hefofre, hut 
an organic body is beyond his power. He can r^adh^ i^ 
Indeed, into its solid and fluid constituents ; he can still toCftter 
t&ow these to be made up of what he calls elementary pt^rm 
ciples, such as oxygen, hydrogen, nitrogen, and carbon; bat 
no exertion of human intellect has yet been able to put them 
together again, and make from them an organized body* 
** We never," says Cuvier, " see matter either organizing itee]^ 
or organized by any external cause.'' Cherreul, indeed, made 
what he calls a sort of oil, by the action of sulphuric add 
on cast-iron; and Berard made something analogous to fkt by 
passing a mixture of carbonic acid, pure hydrogen, and caatbtb* 
retted hydrogen, in the proportion of one measure of the flrst^ 
twenty of the second, and ten of the third, through a red-hot 
tube; but no person will consider such rery loose analogies as 
any reply to the general principles we hare advanced. 

[Wfihler and Liebeg have produced urea in the laboratory; 
alantoin, another animal principle, hae also been formed by 
artificial means; a fluid analogous to the gastric juice was 
6btained by Eberle, in 1834, and there are a few more rilnilar 
&cts on record. There are some who recognise in these resolts 
the flrst &cts of a science that will teach men to produce at 
yi^y from inorganic elements, the organic products of aninuA 
as well as of vegetable life ; and who not only identify tliesa 
artificial products with analogous principles elaborated in living 
beings, ha generalize the operoHons tokertfy heih are pntduD$i! 
but the greatest philosophers are less sanguine of the first, eoA 
more humble in the last; they cannot regoi^ the same othetw 
wise than as isolated, though suooeasful, imitations of the moat 
dbuple of the physical products of life ; they are anxiaitt tfk 
dificlaim the preaomption that the powers of the chemist aifo in 
any way allied to vital agencies.] 

Ufe is constantly found combined yAQa organiiaftion. H^mee 
an attempt has been made to deduce the conduiriofn thaftH^ 
thd result of organization. Now, as &riris the fiiet %^&htaMI^ 
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e»qd goes, it would equally provp that oiganizatjou was the 
i^Sfilt of life; but an experiment^ first, earefolly made bj 
Keaomur, and since often repeated with uniform success, wDl 
tQwik us which conclusion to adopt. Take one of the Crustacea^ 
fbpr ipstance, a fresh- water crab. Break off one of its claws at 
ihe joint, and preserve the animal where you may observe the 
process of reparation that ensues. An exudation of a shapeless 
mass of matter first takes place from the end of the stump: by 
degrees it becomes hard on the surface, and something like a 
nail appears at its extremity. At each period of moulting, this 
limb grows in a greater degree than any of the rest, becoming 
at the same time more of a natural shape and structure, until, 
alter a given number of moultings, it becomes a perfect daw: 
perfect in organization and functions, with shell for protection^ 
nerves and muscles for motion, and vessels for nutrition. The 
same process we see going forward, in a lesser degree, in our 
own bodies, whenever it is necessary to repair a wound, or fill 
up ^ breach in the continuity of surface ; and it is well known 
to surgeons, what a beautiful provision is made for the carry- 
ing away diseased bone, and reproducing healthy, iu the affec- 
tion called Necrosis. Now, as the cause must exist before the 
effect, and as in aU these cases we see that the life existed 
previoualy to the new structure which is springing up before 
wa eyes, it follows that life is the formative principle, and 
^^gigapization the result. 

To follow up this argument a little farther. Life, as we 
have shown, is the cause of organization. But the most accu* 
sate obflervations of Natural Philosophers have never been able 
to show life originating spontaneously; nor can it be the result 
of ehemical or mechanical causes, for it exerts influences di- 
jrecQy opposed to their laws : we all have received our life from 
Isving beings of whose bodies we once formed part, in the shape 
of ova, germs, &c.; our forefieithers, in like manner, received it 
^igdlth^ generatiou before them: coupling, then, these £icts 
witib.tke weU-^known increase of the population of the world, 
erivoed \^ «U{ aoouzate statbtio accounts, and its consequent 



df)frM^:f (Klf l¥«k(tnoe it backwards, we' are led dke^ly ^x(M 
^M9%i«tf{A'<M>ixu»p]|.anee6kir, who must hayeidei^ved'ii&lilifift 

oii.yTcilthiif^t ol]«ierv)ed abore, that OTganization, erteft i» ito 
ITR^tni^nsi xe^iiurea 4 stmctnre eomposed of soHds And liqviichBi 
l^ft))^.^)9tan^ there given, they are both extremely drnple-i 
the solid part aj^&^ng noUiing more than a loose cellular 
fl^cturey and tlie liquid water holding in solution albnmen 
^d a few fioltt.. This albumen is invariably found in the nu^ 
t4tiyo ^id of luumals of all orders. It is theretoe looked 
opa^ the nutritive prindple, that of which the seveial parts of 
^ body are formed. It exists in the body in two states; 
%ra(v,]ji^uid» in \thich state it is one of the constituents of the 
hl:OQd;. and secondly, solid, as found in cellular membittae, 
^in,. glands^ &c. Liquid albumen is best procured from th4» 
"Virhite of eggs, which consists almost wholly of this prineiple 
dip9olved in water with a little soda and salts; in fact, exats^y 
t^^V^hl^g the fluid found in the medusa, and serving to the 
^p^m^ purpose, the growth of the animal to which it belosg^- 
wd.l^.hich, in this case, is the chick contained in the egg; 
liquid albumen is coagulated or rendered solid by various 
oaxiaes, In the egg^ exposure to heat produces this effect ; and 
it then appears a white, solid, opaque body. On this property 
is founded the method of clarifying by means of albuminous 
solutions. For instance, when you add the white of an egg to 
boiling coffee^ the albumen, being coagulated by the heat, 
entangles in its substance all the particles which are floating 
about undissolved, and carries them with it to the sur&ce of 
the liquid. . 

Mineral acids affect albumen in the same way as heat> btci > 
when once coagulated by these means, it is Hf> longer capable 
of reatuning the liquid form. If, however, you expose it in 
tjuln' la^fiis to a current of air^ it dries, and becomes a ao^M tmA 
transparent substanoey which retains its solubility in wat)0^;;'in- 
shoct^ initxtemal characters it closely vesemldeS'tliat^imj^est' 
of animal solids, which we have already named cellular mi^wa^' 
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hmae$ ^ >9i which chmbtiy flhoiri ii t^^b^thn^ |jiitatil]piA 
em^fOiMsA .past. We may thus obserYBf attii»>ommii«iieii^tiiefil; 
as it were, of animated nature, the close and neeesbas^ t<^ 
wtxiAii between the aolids a^d the fluids &om which the^ are 
fosmed. On this simple bans aire all the wden of aoitdalft 
hittH^'the blood still increasing in complexity of eompoidiion 
9B new oigans are added, or systems multiplied^ 

GeUular membrane then is the most important^ as H is th^ 
most uniyersally met with, of the solid parts of animals; It 
presents itself in the higher classes as a thin, white, sometimes 
aemi-tiaQsparent^ membranous substance, continuous through- 
out the whole body, exhibiting nowhere either commenoefnenKi 
or.tennination; it is composed of filaments and lamiaie m<)eting 
tc^jether in all directions, so as to enclose cells of a great variety 
of shapes, which ceUs commimicate fireely mth each other, so 
that air or liquids will readily pass from one to the other. Of 
this eireumstance, a dishonest advantage is taken sometime^ 
by butchers, who, making a hole in one of the cells, which are^ 
to be found everywhere, and introducing a pipe, can from it 
inflate. all the cellular membrane of the body, so as for a time* 
to make it look fuller and plumper than it really is* In dropsy^ 
aisi^ the infiltration of fluid, when once it has begun, soon 
^reads generally through this structure, which usually is 
fonad placed immediately beneath the skin. It is in such 
casee^,. that the surface pits on pressure; the finger squeezing 
the. water out of the cells immediately imder it, and as it only 
returns slowly, the impression remains evident for some time. 
This communication also shows why dropsdcal people usually 
find their feet and ankles most swollen towards night, the water 
hftviog gravitated during the day, in consequence of their erect 
po0.itiiiW< and why, on the contrary, when they attempt to lie 
d^vm at nighty tl^y are so often seized with difiiculty of 
bf8wrf'^t>8b and. obliged to start up suddenly, or have themselrea' 
s¥lI>R<yrted.ift the bed with pillows, as the water is then pouring- 
IgH^ ]<H>i tbfiit. chesty and. impeding the actions of the hxagi and 
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1,1 Xha edinlai membrBss ia to be met wHh everywheM, It 
envdo^ every orgtia, uid entcm into ita aubstance; it give^ 
dNsths to the vawela, to each muBcle, and to every particular 
fibveof eaehmuBcle; it enclo«esthenervousjnatter; forms the 
fisme-woik, wluoh, hwdened by the depomtioa of earthy 
natter, constitutes the bones; and fills up all spaces in the 
body not occupied by mora useful parts. Its properties are 
very rimple ; eohestou, flexilnlity, extenubility, and elasticity. 
This last is the property of most importance, and is that by 
HMoas of which we must suppose it capable of causing a motion 
in the fluids of the bodies of the lower animala, where it is the 
fjtij solid. This quality is carefully to be distinguished from 
that power of muscles termed contractility, as it is produced 
by wholly differant stimuli and m^ntained in a wholly differ- 
ent mawier. It is on this power, as we shall have occasion to 
show hereaftw, that the action of the vessels depends, and of 
th« ydlow ligamentous matter, which, in quadrupeda with 
heavy heads, as the cow, the horse, or the elephant, is so ad- 
vanlageoualy stretched from the spine to the back of the head, 
to support the immense weight which would otherwise require 
a constant and most &tiguing muscular exertion. 



' Nervous influence and dectridty, which at once jnoduQS 
««ntraction of the muscles, are totally unable to «zcite tius 



j.rvt Aim on«pAKiirA«idlfi £7 

power to aotfon. The membrane Stt the hvini^ IMy mky be 
cttt, or torn, or pricked, without produotogf any pain, biit 4to 
elastielty may be excited by the costaet oi some trritMii% 
sdbstancee, but more particularly by the aotion of eold, hub* 
mttch that persons in whom this strooture abounds^ find them^ 
^Ives perceptibly aSirunk in cold weather, and their elofliet 
hanging loosely about them. This tendency is also idiared- hf 
the skin ; and, in consequence, a bleeding from the surfttoe, w 
from the lining membrane of the nose, which we shall aftev- 
trards show to be nothing more than an intemal skin, is eom« 
manly stopped by the application of eold, dther by means of 
a large iron key put down along the spine, or, wha^ better, 
a handfrd of salt slowly stirred round in water until dissolved, 
as by this means, a marked reduction of temperature is prp* 
duced. Another adyantage of the elastic qualities of this sob* 
stance is taken in the construction of the elephant's foot. 

' The elephant walks on the points of its toes, and to prevent 
fhem from bending under its enormous weight, a cushloii of 
this cellular membrane, line, close and elastic, containing in its 
interstices a solid granular fet, occupies aU the hollow port of 
the foot, and forms in a great measure the support on which it 
leses. Any person wiU readily comprehend this mechanism, 
who just half bends his fingers, and places them with their 
points against a table, and observes how useful an elastie 
cushion under the palm would be, in enabling him to support 
a weight placed on the back of the hand. A similar contriv* 
anee is found in the foot of the tiger and the common cat^ 
placed both in the centre and under each individual toe; but 
its use here is to break the fiill in the immense bounds they 
make when attempting to seize their prey. How little a eat 
snfiers in leaping frvm a great height, is well known. 

This tissue is found in considerable abundance beneath the 
skin, and as it is in its cells that &t is deposited, this accounts 
for the fat being so much on the surface, in animals fed for the 
ift«Ai»t, a»d the collections of suet about the kidneys «re the 
Miilt ^iin exactly similar disposition, the cellular membimie 
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ttp^ting in' this- Eiltuailoa to be nMd aa a sort c^ '^^lb> Hor 
fthonse delicate orgHiiB. ..— .:.. 

' ' Atf this is the first of the animal solids mentioned^ it wtay 
beaiHe^sting to oonsiderhow its developement Is afSactedliy 
"^Hety- of 'situation, inasmnoh as this bears diFSotlyoii t^ 
gye&H qttesliein) how fir the vaiieties of the htmiaa kind' may 
be'atti4lrikted to elimate and locality. Now a properly of tlm 
micrmbmiie, not before mentioned, is, that it is emin«itly hygro* 
ikieltridal; that is, it readily absorbs, and is swelled vp by 
inolshire. From tills it necessarily results, that the inhabi* 
tants of low moist countries will be of a fuller softer appear* 
axM6 <tha|^ those whose atmosphere is dry, hot, and parching. 
Compiare an Englishman with an Arab of the Desert, or a 
Buiehman with one of the Neapolitan lazzaroni. Obaem 
feoM^, in the former, the whole outline may be described by 
iirol«» or ourves gradually &ding into one another; how t^ 
Mentiees between the muscles are filled in, and the whote 
i&gure is lound and plump : while in the latter, eveiything'ii 
hai'd, ^ly, and angular; the muscles start forth abruptly ftom 
^e skin, and, on the least exertion, display themselves as if 
cle«i«d off by the knife of the anatomist; the cellular mem<* 
i>iane being here so withered and dried up, as to afibrd but 
an extremely slender covering. This contrast b beautifully 
marked by Sir Walter Scott, in his description of the trial of 
Strength and sleight of hand between Richard and Saladin, in 
the Tides of the Orusaders, That the same point holds good 
in other animals will appear from comparing the light shapely 
limbs of an Arab steed with the heavy unsightly bulk of a, 
Flatnders or Kentish, dray-horse ; and it is remarkable that the 
slender bone of the former is so much closer in grain, an^ 
denser in material, that it actually outweighs the lai^ open 
^omms txme of the latter. In some animals, the oellftlat 
tektvii<e immediate^ beneath the skin is extremely kot^ th\ia 
alkiMf^g great freedom of motion to the skin. This is peo«iB^ 
4rly obseli^arble in the Batraohian teptiles, su<5h os^theifrog*, 
Miad^'^iK' ;^ and in consequence • of this^ and the peoaMar i]i0db4i| 



by filling their laige vesicular lungs, to in|bt^ |^()if^.b^e9,t(]^ff 
"vwyffc^fmm* The &ct has been }ang.«QncetQbsfi9?V]pdy and 
innde ih0 gTMiiKlwork of the well»lMiown$»ble of th^, Fjrq^fi^4 
tbe Ox. . ' The skin is nothing moTe than a modifieAtion fii^tim 
eeill«lar stmcture^ but we shall zeserre the eoosi^eslMtioOt oi thj^ 
vfitil inre eome to the sense of touch. Othec teodifioaiionsiQf Jit 
presoit lis with the coats of vessels, ligaments, i«EidoiD|%jQartih' 
lage, and bone; which last difiPers from the ope p9recediqg,:<]jnljf 
by obtaining a quantity of earthy matter, consisting phiefiy of 
the phosphate and carbonate of lime. < : >) 

. A more curious modification, and the last we shall* notko^ 
isihat-by which it is converted into serous n^embrane*, < Ip<tbiK 
form it appears exceedingly fine, transparent^ deprived i aft at 
wtr^ of its cells, and lubricated on its intenuJi surfaefe Jby>ii 
fiiAidy which is constantly exhaled, and as constantly dulrHtg 
hiealth absorbed. Serous membrane is invariably found in thd 
l^nn <^ a shut sac, that is, a bag closed at both its extremitit^ilk 
[^There is an exception to this in the serous membratie.fthat 
eiupielopes the intestines of the female, which is perioratediit 
ihe^free extremity of the tube through which the ovule pMste 
ta the womb. This is the only place in the whole body where A 
H^t&aa membrane communicates with its exterior.] It i» used 
In the system to cover neighbouring organs which require $9vm 
fiae^imi. of motion among themselves; and to laoilitate'this^U 
is always its external surfaoe that is applied to the orgaa^ whil^ 
its interaal, being &ee, moves easily on the oippoute sutfiaoe^ 
also internal, with which it is in apposition. Thus, whilei it 
cc^reE» an' oigan, the organ is actually: outfiide % and it ib 
possible to conceive the oiigan freed fr<mi it. without miakingi am 
opening- .in it, or destroying its continuity as a..<^esed doubto 
Xj^esMiaanei: This prQbably requires a little further expla^fttipn* 
X^ isi«lt/impor|^t of these meinbEaaesm th!ebody>4ine;t)^9 
imoli^dr ^icii!^v^<^es thei beaia; the pleui!a»^ longv j 
tiierip^Acaffd^m^ th0 heart ; the. perttcmeum, ^ mJMii^^ 
«tidi)^b^Tittiii0fiiy«giiudidy i»:hiQhy.inL fofM.lib>.i8 pp;9t|p^«0« 



wSlil the p«¥itoneum, bwt ofteiwav^ faettnaes a tofomba aaa, 
Itad iKiven its -own otgen. Now, perbapg, of iheBe,'the'diqM»- 
litioa of Ibe plenn iriQ moit «atUy •xplaiii how m ugaa ca^ 
be «overed by a membruie, and yet be witluHit it. .■ .. . 

7Us digram will give an idaa tf tho mode in whiidi'tlBi 
mtOhb Bms would ^>pwv in a homoutal aaotun of thkohcM 
tirade about tta ceiitn. 
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The KTotu membrane, it is eTident, does not entiiely oorar 
the Iniif. A apace !■ left, «, tflmied the root of the lung, lij 
wMoh blood-TMBela aoter, alio the fint dinsianB of tha wiad- 
p^, which are here reprtaented aubdiTiding theuudrea i*ta 
three principal tubes for the right lung, and two for the 1«^ 
auBwerisg to the number of their lobea. 

The &ct that a msn'B head, titoagh covered by a doidila 
id^t-eap, 18 yet ontaide it, may be added aa a ftmiliar iU«»- 
tration. It ia clear, that to get inside it, he should rip it vpt 

This eut will also explain a seoond form of diofsyj •Sat te 
the flxfaolatioa Ukee place otwstantly oft the inner auKfaoe^anl 
therefore into acioaeaae, if the abeotption shmild, at aajT'timt^ 
from dehilhy or othec cstiaes, bacome Inenfficient to remov•lS^' 
ftOaUMtlon of fluid must coBsaqueii^y ocour,-aadaS'Uwtibi 



wiil aot yvdd, tlie pxessme is thrown entisej^ w.thei limgl^ 
This £»]3ii of dropsy^ wkioh is eommonly teizoed water q^ 
ihe-<:heat» ia so much moie dangerow than the fonftev, ^whi#| 
was mere infiltration of the subcutaneons oellular.stmiQtaii^ 
iansnuich as a dinect obstraction is here offered to the play of 
the most important vital organs. The danger is indeed t90 
imminent^ that not imfreqnentlj an indaion has heen Biad(9 
between the ribs into the sac^ and the fluid thus drawn off. 

Small serous membranes, with a rather more viscid fluid, 
are also placed at all the joints, their outer surflices being still 
those which are applied to the extremities of the bones, while 
the inner, resting against each other, afford beautifolly smooth 
and lubricated surfaces for every kind of motion. It is clear, 
the thin aqueous exhalation that sufficed, while the motion was 
between two soft organs^ would no longer answer here. £t is, 
therefore, changed in its qualities, rendered thicker, of a con- 
sistency more approaching that of oil, or much resembling, the 
white of an egg. Anatomists call it synovia; from its evident 
use, Paley gave it the appropriate name of joint-oil. Similar 
stmeiiires are found developed beneath tendons, in false joints 
the result of accident^ and in shorty wherever free motion ia 
necessary. But that no doubt should remain as to their use, 
whoi motion is prevented, these structures disappear; thus, 
when a suigeon is treating a fractured limb, as soon as tba 
union of the bones has acquired some consistency, he beoomea 
most anxious that the neighbouring joints should every dajsr 
have a gentle degree of motion* fie knows that> if he n^ 
lected this, the synovial membrane of the joint would ba 
absorbed, as if the constitution perceived that its offices weore no 
IsDgsxr sequized ; adhesion would take place between the opponia 
suzfiboes, and the patient would rise with a stiff joint. 

. Comparative anatomy furnishes a still more interatlting 
pKiof» The lungs of birds are immoveable, as we shall hava 
9toaaaEi..to explain more fully in our chapter on Respiration;; 
cfifiseqaently it would be of no use to envelope them in adoublv 
S8l»uft sacy. as is. done with our lungs, JBofon^ howevery (his 
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W4I0 signed out by niaa's reaaoiL it was known. i» tbe-Bowi^ 
that secretly made aad fiishioaed them. The WMmham^ k 
omitted, and the lungs adhere, closely against the baok-4iOBew 

Enough has now been said (in proportion to opr Itmits) of 
this structure, which, from its being so universally ^fiEiised, 
and from its appearing to be the origin of the other stmctaresy 
hias received from De Blalnville the name of ^^ the generative 
element.'* [The flowers of all wild roses consist of lour distinct 
parts placed in circles, one within the other. 1. A circle of 
five green leaflets upon the outside. 2. Another of five larger, 
and generally pink leaflets, called petals. 3. Another ring of 
more than twenty thin thread-like stamens; and, lastly, 
several thicker thread-like styles in the centre of all. No two 
of these parts differ more one from the other than the latge 
pink petals do from the delicate thread-like stamens ; yet all 
are composed of the same cellular tissue, and the latter may be 
changed into the former by cultivation. In the cabbage-rose 
these threads may be seen in all stages of transformation ex- 
panding into broad petals; and, like the metamorphoses of 
insects, should familiarize our minds with the unity of the 
internal structure of the whole, notwithstanding the apparent 
dissimilarity of the parts. 

The most simple plant when fully grown, and the embryo 
of the most complex, consist of the same material moulded in 
the same form — a film of cellular tissue, like a soap bubble, 
which has arrived at its maturity in the first case, while in the 
last, it has to be condensed into cells, and vessels, and epiderm, 
before the tree can be developed. The adults of the most simple 
animalcule, and the embryo of a mammal, are also alike in form 
and substance ; but the one has perfected its being, while the 
other, in words of anatomical authority, ** becomes condensed 
on the surface to form the skin; the skin folding inwards, 
forms a stomach, or by passing through the body forms an 
intestinal canal, which, by lateral prolongations, form glands 
and vessels:" and the individual organs thus deveUped, ntcett'- 
tivefy assume the same series of changes of form and /kmcHom, 
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itke^6tw§trwog^ammfWi^efH!ry species of animaiy fi>om"Vke 
i&ufm^ ^ k^kese, orfifQow ^ same organs thrcttgh Ae dew-' 
^(^P«»9l^^^ittdiifia»(amanfivmhisc(me<^um 
Moforti^. We cumot too strongly imprefss these laige'lml' 
aiiiiple tratits upon the student's mind. The metamorphoses 
»f this fin* tfesne of life into pjarts that appeal to our senses as 
drashfflar, in size, and form, and colour, are innumeiable; but 
the material is the same m all, infinitely plastic and ol)edient 
to that Word which, in the beginning, said, "Let there U 
life.**] It has been shown to be the earliest deposited of the 
aniinal solids, to be found in the simplest state of animal life 
and to ca-e»st with a fluid which supplies the materials for its 
formadon, the most important of which is albumen. The two 
ortlier textures which are found in the more perfect ani mAlg 
and which we have next to consider, ^re the muscular or con- 
tractile, and the nervous or sensitive. 

That part of an animal which is usually termed the fledv 
or the lean, as contradistinguished from the fat, is muscle. It 
is always of a fibrous appearance, and m the higher animals is 
usually of a deep red colour, which is owing to the quantity of 
blood it contains. The colour, however, is by no means in- 
variable, but seems rather proportioned to the perfection of the 
muscle and the quantity of exercise it undergoes. Thus^ ip 
the carnivorous animals, the lion, the tiger, the cat> it is a deep 
and well-marked red. The same is the case in the stronger 
graminivorous animals, as the horse, the cow; and it will be 
observed that in this latter the muscles do not acquire their 
appropriate colour until in some measure advanced towards 
maturity, the flesh of the calf being well-known to be white. 
In other animals, such as the rabbit, wluch, weak and timid 
generatlly keeps itself squatted in its hole, or ranges but a very 
short distance from it for food, and consequently has no neces^ 
sfty for much vigorous muscular exertion, the muscles are 
w!iite and soft ; while in the hare, which has no hole for 
sMltitt, but depends chiefly on its speed for protection against 
1it^*]Mtd6k8''6f it^ enemies, the muscular fibre is much more 
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potftef^ distinct^ end of a very deep oolour. As ihiCBa laet two 
mtiprf*^* also feed in exactly the same way, it eagxooi b^ Iras^ aa 
some hare pretended, that this difference of colour can d^end 
on difference of food. The nearer approach to maturitjr, or 
the greater habit or power of exertion, are the tnie eanses ta 
which it should be referred. 

The nature of the place inhabited is also to be taken into 
qjQCOnnt, and we shall find those mammalia that inhabit the 
9^ auch as whales, dolphins, porpoises, exhibit a remarkably 
deep oolour in their muscles, which may be fiiirly attributed to 
the great quantity of dark yenous blood circulating in those 
animals. Of birds» such as are of high flight and powerful wing, 
piiiidpaUy Inrds of prey, show this and other qualities of 
muflde in the greatest perfection. Birds, on the contrary, that 
fly to no great distance, do not nest in trees, but usually remain 
on the ground, have their muscles soft and white. Such are 
the common bam*door hen, the turkey, the partridge. Age 
dso shows its influence here. In many places pies are made of 
young rooks, caught before they are able to fly, as at that 
period their flesh is white and tender: in the fall-grown bird 
it is rank and almost black. The influence of situation, too, is 
obaenrable. Aquatic birds, such as ducks and geese, have their 
flesh invariably dark-coloured; but though it imitates in tint, 
li never approaches hi dennty, to the muscle of birds of high 
fligiii. In white-blooded auimals the muscles, as fsur as we 
know, are always white. The crab is an example. 

It is to be observed that a muscle, such as it appean to us, 
10 a compound organ, con«sting ci the peculiar muscular, or as 
De Blainville calls it^ fleshy matter, deposited in little sheaths, 
flManed by the cellular tissue, and supported with arteries, 
veins, lymphatics, and nerves. These cellular sheaths, which 
eadose the fleshy matter, meeting together at the ends, and 
beeoming condensed, form the tendon in which we so generally 
find a muscle to terminate. 

The central part / in which the fleshy matter is moat col- 
lected, is tenned the belly of the muscle. The tendon t is 



lOT' Aim .oBBAHuxTsaa, as 

A^tm^W to fyrm^ by the ^eeUnlvrpttrtitmi meotingistr tib 
«sNiiiiil^, SKiiietijB«si this order of parte i« ntmt^'Hlm 




Cat of Muscle ; showing fleshy belly and tendon. 

tendon being in the centre, and a Hesby htSly placed at each 
end, a» is found to oecnr in the musele of the ^roat which, for 
this reascHi, is termed digastric or double-belUed. The reason 
of thn deviation we shall speak of when dai^bing the aetof 
swallowing. Bat whaterer may be the arnuigenient, it is i^ 
the fleshy port that the peculiar quality of the muscle, which 
Haller terms irritability, is found to exist. 

This quality, which is now more usually termed contract 
tility,.is that by which a muscle, when stimulated, diminishes 
its length, and thus causes its extremities and the bones to 
whieh they may be attaehed to approach one another. It is 
evident that if one of these extremities be fixed, the other only 
iriU be acted on, and this is the principle of all the moUona 
peifonned in our bodies. To investigate the nature of this 
power was long a fevourite object with physiologists, and iha 
lesolts oi their inquiries afford melaneholy instances of learned 
tnflii^ and misdirected ingenuity. Of the immpdiate meaosi 
by which the contraction is performed we may hare an idea 
fimn the microscopical obserrations of MM. Prerost and 
Ihunas, who inform us that the muscular fibres, which during 
idasition are stnught and smooth, become wmkled up in a 
ag*«Bg direction during action, and thua shorten the distanee 
between their extremitiee. Perhaps the theory of the mode fax 
whiidi this 13 produced may be cited as one of the most inge* 
inoiis framed on this subject, though it is by no means «att»* 
fteterily proved. The action of the nerves is allowed l»y all to 
be the appropriate stimulus to a large class of nuiaQles, namely, 
thete of voluntary motion. The smallest museular fibreaeems 

d2 
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supplied with its nervous fibril by which this Btiniiilus is con- 
veyed: and thia stintuluB is supposed (on what grounds we 
shall state hereafter,) to he identical with the galranic or 
electric fluid. The most accurate dissections, assisted bj 
glasses, seem to show that the ultimate course of the nerrons 
fibrils crosses the direction of the muscle nearly tit right angles, 
<)»■ as represented here. 



Cut s^laininc Theoi; of Hoiciilii Contnctlon. 

LetM (fig. I) represent the muscle; n the nerve approaching 
it; n n' «' tiie fibrils of the nerve dividing to supply the 
muscle, and crossing its fibres almost at right angles. When, 
therefore, by the act of volition the nervous influence passes 
along n tt' n' these become electrically attracted towards each 
other, the intervening parts of the muscle are wrinkled iip~ to 
admit of their approach, and thus contraction is produced. 
This is represented in fig. 2, and MM, Prevost and Dumas 
assure us that the nervous fibrils are then found to occupy 
exactly the angles formed by the wrinkling of the muscle. 

To enumerate the other theories framed un this subject, the 
chemical, the mechanical, &e,, would rei^uire a long chapter, 
and would be beside our object, which is rather to convey facts 
than to record opinions. Theories have often done for physi- 
ology what commentaries have done for original works, they 
have rendered that which was clear doubtful, and that whicli 
was doubtful unintelligible. 

Another quality of the fleshy matter is, that an increased 
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demand for it always produces an increased supply. The more 
a muscle is exercised, the more it grows in hulk and density. 
Eyery one has ohserved the size of the muscles in the calf of a 
dancer, and the great developement they acquire on the arms 
and chest of a smith. Rest afiPects them in a directly contrary 
manner. The fleshy fihre seems to he hy degrees carried away, 
and its place supplied hy fatty matter. This degeneration has 
heen ohserved in those muscles which have had their action 
prevented hy paralysis consequent on certain poisons of lead. 
The muscles, too, which are provided for the motion and sup- 
port of that naturally flexible column, the human spine, finding 
that support is given by tight stays, and all motion prevented 
by ihe use of stifle whalebone or steel plates, yield up their 
office. Nothing useless is suffered to continue in the frame, 
consequently they become absorbed ; and, in place of the full, 
plump, muscular cushion which should run along each side of 
the spine so as to leave it actually sunk between them, the 
anatomist finds nothing but cellular structure with a few pale 
emaciated fibres; the processes of the back-bone project like so 
many unprotected points, while the poor victim of an absurd 
&shion having marred Nature in her fair proportions, is com- 
pelled to continue those external supports, the necessity for 
which she has entailed on herself. 

Of the chemical composition of muscular matter it is not 
necessary to say much. The analyses made of it have generally 
been imperfect, inasmuch as the whole muscle has generally 
been operated upon at once. But it is shown above that a 
muscle is a very compound organ, containing, in addition to 
the proper muscular matter, cellular membrane, blood-vessels, 
nerves, and lymphatics. This is an evident source of inaccuracy 
that has not been sufficiently guarded against. The proper 
matter, however, is termed fibrine, and it is found to contain 
nitrogen in. very great abundance. As this is the element 
which prevails in animal bodies, and in most cases distin- 
guishes their chemical composition from that of vegetables, it 
is usually termed the animalising principle; and fibrine, as 



^ont^nfng it in a higher degree than other parts oftH&tuiiml 
body, is said to be most highly animalised« This fibrine is pto^ 
ctired by ponring saeeessive qtumtities of cold waler^ 9mr a 
mtmele, say, for instance^ the lean part of beef, until yon lurre 
Trashed away most of the colour, which depends on the blood 
and some loose fat^ albumen and jelly that may have adinted 
to it. Ihen nse boiling water, which will extract wfaaitefer 
may remain of those principles, together with a new pffuoipfe 
termed osmazdme, the principle to which soap owes its peooliar 
flaronr and odour. You will hare then remaining nothing bat 
a white fibrous texture, insipid and inodorous: this is fibriae^ 
the essential part of the muscle. As an animal rerges towi^lB 
dd age, you will find less of the fleshy matter, and more eefiular 
sheath. It is on this account that old meat is tough. 

IfL making some improvements in Paris, it was found ntem- 
sary to intrude on groimd which had for many years been nasd 
aer a'butying-place. In removing the bodies for this purpose, it 
was ibtmd that the muscles and other soft parts had been oon- 
xeAed into a gray &tty-looking matter, of a peculiar, but not 
retf disagreeable smell. This alteration was most complete in 
the bodies which had been interred about three yean, and 
occupied the centre of the pits in which they were piled. Tliis 
singular appearance attracted the notice of the Parisiasi dtie- 
mistis, and an accurate examination showed it to be a sort of 
sdap, formed by the combination of ammonia, which ail animal 
bodies give off in putrefying, with a peculiar fat termed adipo- 
eir^, into which it was found muscle could be converted by the 
action of nitric acid, or of moisture continued for some time. 
Fuimiing up this discovery, they found that this chimg« was 
operated much more qttickly by immersion in cold water^ 
especially in a alow running stream; and the idea thence 
occurred that by this means the carcasses of animals not fit for 
fbod tsuch as dogs, cats, horses, &c., might be, as it were, numu- 
fa6ttired hito fat, and used for purposes of domestic eoonomy* 
AtCetaipts were mode both in this country and in FmmB, bat 
fidled^ because no means could be found of removing «teaptain 
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unj^easant smell that aocompamed the fiEit produced in this 
way. 

We now come to the nenrons matter, by means of which 
the directions of the will are communicated to the musdes^ and 
our connexion with the external world altogether supported. 
Its fonctions are so important as to require separate considera- 
^oOy so that we shall here merely view it as one of the eon* 
stituent parts of the animal body, and consider it with respect 
to its characters and mode of distribution. If a nerre be 
examined, it is found, like a muscle, to have always a cellular 
sheath, and in this is deposited the proper matter of the n^re^ 
which is termed neurine. This neurine is a soft, almost semi- 
fluid substance, varying in colour from a clear white to a gmy^ 
yellowish, or even dark colour. Examined chemically, it is 
found to contcdn a large quantity of water and albumen, with 
a peculiar fatty matter, osmaz6me, phosphorus, sulphur, and 
some salts. It is thus a very compound substance, indeed the 
most 90 of the constituent solids of the body. It is to be found 
in greater abundance in the brain, which De Blainville de- 
scribes as a very loose cellular web with laige meshes, into 
which this neurine is secreted or deposited by the numerous 
blood-vessels with which it is supplied. On the external part 
of the brain it is of a gray colour, and is termed cineritious, or 
cortical, while internally it is of a pure white. In the spinal 
^oanrow this order is reversed, the gray being in the centre, so 
that the term cortical becomes here improper, and the white 
towards the sur&ce. In the nerves, the white matter only 
appears, while the ganglia seem altogether gray, to which a 
^dish tint is given by the blood which they contain. It is 
^^8Qal then to divide the nervous system into four parts; the 
"Win, the spinal marrow, the nerves, and the ganglia. 

^e brain is the great centre in which all impressions are 
peioeived, and from which the stimulus to motion emanates. 
It gives origin directly to all the nerves of the senses, and even 
*o the nerves which produce motion in the muscles of the eye, 
^c general muscles of the face, the tongue, the upper part <^ 
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the throat and windpipe, in short, those which we might conr 
sider it advantageous to have more immediately under the 
command of the will. If the nerve he divided hetween the 
brain and any of those organs, the organ is rendered useless. 
Thus, if you cut the optic nerve, though the eye may renti^n 
as perfect as before, though the light may faM as fully on it, 
there is no perception of it, because the medium by which the 
impression should be commimicated to the brain is cut off. 
From this we conclude tliat one office of the brain ia to per- 
ceive, of the nerves to convey, impressions. The nerves always 
arise in pairs, one for each side ; and nine of these pairs have 
their origin from the brain. The spinal marrow is, as it were, 
a continuation of the brain along the canal of the back-bone, 
for the more convenient supply of nerves to the muscles and 
integuments of the body. It serves its purpose, however, only 
as long as it is in connexion with the brain ; for, if divided 
anywhere, all th^ parts supplied with nerves whose origin is 
below the division become paralyzed and insensible. It appears 
to consbt of four columns or rods, of which the two front give 
origin to the nerves of motion, and the two posterior to the 
nerves of sensation. The nerves themselves are small white 
cords, appearing, when examined with the misroscope, to be 
made up of numerous filaments, each having its own peculiar 
sheath, and all enclosed in a general sheath. 




Kagnifled view of a Nerve, exhibiting t common sheath of nerve ; /one filament 

dissected out. 

The ganglia are always found deep in the frame, as in the 
inmost parts of the chest, abdomen, &c. The nerves which 
issue from them go to supply the most important oigans, as the 
heart, liver, and stomach. They are for this reason termed the 
nerves of oiganic life ; and from their innumerable junctions 



and iA^m^rMii^ With eae^ eeHersefein^^d 'daH^6 iW ij^j^^ 
betw^ett' "the several petftff which tinitcfs dl! the oi^liB ih dcfittJ^ 
munitf > t>f ^feelingi rehrtion^ and fecttoni' 'Ey^ty gaxt^SM^^ 
direcliy ttttited' Vith the one whieh precedes and^follow^ft^ 
and the ^tve by means of which this eonnesdbniB bontiitiiM 
through <lie whole chain, is termed the great symjurthetib.' * *' 

We hare thias got an idea of what are termed the p'riniatjr 
solids; the cellular texture which gives form to the ft&'me^'iitid 
envelopes and binds together all our organs; the muscular' tex- 
ture, which is the .immediate agent in . aU motion ; a<id thc^ 
nervous texture, on which depends our sensation. 'The next 
thing t(> be considered is, in what manner these are |ru€ i^ 
gether so as to form a living body. ^' 

A medusa, it was stated before, might be considered ^ £^ 
sort of double sac, possessing two surfaces; an extertial^ P<it^ 
forming the office of the skin; and an internal, perfbM!oin^ 
those- of a digestive canal. The same general view tAkf If^ 
taken of every animal. We now propose applying it tor thd 
highest, man. The human frame, then, has its two sur&ees'^ 
the external, the skin ; the internal, the lining membrane "df 
the alimentary canal;' and these are accurately continu6uirJ 
Let a person observe carefully any of the orifices of the b6dy,' 
saj, the month or nostrils ; he will readily perceive th«t l^ere 
is no point at which he can say the $kin etj^ and 9 new t^m^ 
brane commences ; but he wiU observe the skin folded in over 
the edges of the lips or nostrils, to acquire new properties in 
its new situation, and to become more vascular, as shown by 
its greater redness, softer, and constantly moistened by the 
secretion from a number of little glands placed immediately 
beneath' it^' and which are termed mucou& In short, the Mn 
has been converted into what is termed a mucous membrane^ 
and in this'fiwmf lines the mouthy throat, stomach, and all the 
intestine^' i«suining again at their. terminatioin, < its origindL 
charMtftta. and 1 i^pearaoce. Man is thus a dimble t mo; having: 
ui hi»'caBte#nal sinfae^ ali ihe^ drgaas of the 'Seiises, 'Uva meai» hf 
which 'he MddmmuiiiifliiUsR '^tib the '«xt«fntal ;worM;( aftdiitt 
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or clo0B to his intemal Barface, all thotn glands^ sach as the 
lirer, pancreaa, &c., whose secretions are necessaiy or usefdl for 
digestion. In the intervening texture will be fonnd the skele> 
ton, the framework on which the whole is supported^ and the 
mttsdes by which the whole is moved* Here also are fonnd 
all tiiose organs chaiged with elaborating, either the imprea- 
iriong transmitted from the external surface which should give 
perception, sensation, volition, &c., or the nutritive materials 
frimiBhed by the intemal surface; such are the organs of eiicn- 
lation and respiration. This is a general outline of the human 
frame^ which we proceed to fill in more in detail. 

The function by which all the parts are furnished with the 
materiaLs necessary for their growth, should clearly be the 
first examined. This function is Digestion. 



Chaftbb. III. 
DIGESTION. 



Part I. Of the Mouthy Teethy and QuUet, Chewing and 

SiodUomng, 

The function of Digestion, by which foreign substances taken 
in are applied to repair the waste of the body, while sneh 
parts of them as are useless are rejected, exists through the 
whole scale of animal life. The organs for the performance of 
this function are, in the lower animals, extremely simple, con- 
sisting of little more than an orifice through which food is 
admitted, and a sao in which it undeigoes the necessaiy 
changes. But, as we rise in the chain, new parts are con- 
tinually added, and we recognise at last, means of seiidng the 
food ; of cutting and bruising it ; of subjecting it to a sort of 
preparatory maceration by means of salivary glands; of awal- 
lowiog it through a passage rendered constantly moist and 



sUppeiy to fadlHate Its progress; of perfomiing the peeoliar 
officM of the sfeomacih, to which properly the name of digestion 
Mtmgs; of ensuring the mixture of the chyme, or matter thus 
prepsnd, with certain secretions, the bile, the pancreatic juioe^ 
&e^ which produce further changes on it, separating the chyle 
or nutritious part £rom the rest; of absorbing this nutritious 
part so that entering the circulation it may be conveyed to all 
rc^gionsof the body; and finally of passing on the useless or 
excrementitions part until it is expelled &om the system. 

In considering such a variety of operations, it will be neoeih 
saiy to follow some order, to ensure a due share of attention to 
each. We shall first then examine the mouth and its appen- 
dages, as placed at the summit of the alimentary canal ; nexl^ 
the (esophagus, or gullet, through which the food is conveyed; 
thirdly, the stomach and small intestines, including organs, such 
M the liver and pancreas, which unite their ofiices with these; 
fourthly, the means by which the nutritive matter is retained; 
and fifthly, those by which the residue is expelled. 

The mouth shows itself at first as a mere sucking orifice, 
mrfumished with teeth, tongue, or jaw-bones. The earliest 
rudiments of these may, perhaps, be observed in certain mol^ 
lusca, such as the snail, in which also, it is well known, the 
saiivaiy glands are well developed. In worms, as, for example, 
tbe leech, its powers of suction are familiar to every persou; 
Imt hen it is also supplied with a double row of fine teeth,, by 
neans of which it penetrates the skin, while the suction "j^ro- 
dueing a tendency to a vacuum, the blood rushes towards t^^ 
place, and continues to be drawn until the animal is quite 
^ed. The mouth is here also an organ of locomotion, as by 
tbis suction-power the animals fix their anterior extremity, 
and then draw the posterior towards it. In insects true jaws 
exbt^ with this peculiarity, that they are always lateral, ttiat 
tt» act from side to side, not from above downwards, as is the 
case in all the mammalia, of which we may take ourselves as 
an example. In some animals of this class, as bees, the jaws 
aie lei^thened oat, rounded, and united together, so as to form 
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8 beautiful little tube, through which they suck up the fine 
juices from the nectaries of flowers. In fishes we seem to find 
a connecting link between such animals as have teeth and such 
as have them not, the sturgeon being an example of the latter 
kind, while the pike adequately represents the former,' show- 
ing teeth, not only in their usual place, but on the tongue, the 
palate, and even in the throat. In reptiles, too, the same 
varieties occur, from the tortoise, which has merely hard homy 
gums, meeting like the blades of scissors, and cutting its food, 
up to the fangs of the rattlesnake, or the formidable rows in 
the jaws of the crocodile. 

In birds^ the teeth again vanish, and the jaws become pro- 
longed and hardened, assuming the form of a beak or bill, 
which can no longer be used as an organ of mastication, but 
merely serves to pick up their food, as in the common fowl; 
to assault and destroy their prey, when it is always combined 
with strong wings and powerful talons, as in the eagle, hawk, 
&c. ; or as a means of climbing, when it assumes the peculiar 
hooked appearance which we observe in the parrot tribe. In 
some long-billed birds, such as the snipe, duck, woodcock, the 
beak is covered by a soft membrane, abundantly supplied with 
branches of nerves, by means of which they are enabled to use 
it as an organ of touch. This is absolutely necessary in their 
case^ inasmuch as these animals, constantly seeking their food 
byi 'their long bills, in places out of view, must be endowed 
.wiiii^ power of discrimination in that part to enable them to 
;Dfi^ct such things as would be useless or prejudicial to them. 
The bill of the woodpecker is long, pointed, and wedge-like, to 
enable it to penetrate into the decayed trunks of trees, in which 
the insects that form its food are found; and it is still further 
assisted in this by its tongue, which is furnished with shaip 
homy points at its extremity, and being very narrow, and 
capable of protrusion to a great extent, serves for searching 
into the smallest crevices. But in no bird is an apparent defect 
more really a beautiful instance of the adaptation of oiganiza- 
tion to the supply of natural want than in the cross^biUs. 
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These little birds derive their name from the upper mandible* 
of the bill not lying exactly over the lower at its extremity, 
but curving downwards^ genendly to the left side, while the 
lower curves upward, and t6 the right. 




Skull, witb Mandibles, of a Cross-bill. In this specimen, the overlapping^does 
not appear to have been made in what we consider the 
most ordinary direction. 

From the appearance of this bill at first, we should be inclined 
to pronounce it totally useless; for how, we would say, can 
these points, which cross each other, serve to pick up seeds, or 
how can the mouth be opened sufficiently wide to catch in- 
sects? Neither are they suited to a bird of prey; as how 
could it attack any animal with such an ungainly weapon? 
But these are not the objects for which it was formed. This 
bird was to nourish itself by the seeds picked out of the cones 
of the pine and different firs, and it has got the instrument 
most exactly suited to this purpose. It has the power of 
bringing the points of its mandibles together, and inserting its 
beak in this state under the scale of the cone, it then opens it 
by drawing its lower mandible sideways, in which direction it 
is evident the scale is much less capable of offering resistance, 
than if attempted to be forced directly upwards. The seed is 
thus imcovered, but the bird has not yet attained it. For this 
purpose it is furnished with a long scoop-like tongue, sharp on 
the edges and towards the point. While, therefore, the scale is 
separated from the body of the cone by the beak, the tongue is 
enabled to direct its cutting scoop underneath the seed, which 

* Mandible, the terra applied to the upper and lower parts of the beak in 
biids; what in other animals we would term the upper and lower jaw. 



4Q Diosarioir* 

is at the root of the scale, and the food thus dkdodlged is t«ns- 
&nred to the mouth* 

But we DOW come to the last and highest ekas of anipmlfly 
the mamnialia, to which also we ounelyes belong; wd in 
every order of these, except one, we find the mouth furnished 
with teeth. This order is^ jGrom the peculiarity of the circum- 
stance, termed edentata, or toothless; and includes very few 
animals, chie^ of the sloth and ant-eater kind* In &ct, the 
name is only applicable with propriety to these latter, and as 
their food consists of insects, already aoffieiently small, and 
perhaps occasionally of honey, it is evident that oigans for 
diawing or grinding the food would here be useless. In plaee 
of them, they are provided with long and powerful claws, by 
means of which they root up ant-hills, and a thread-shaped 
tongue, covered with a thick slime, which li^cs up thuese in- 
sects in great numbers. With this exception aU mammalia 
have teeth, and the variety of their nature, uses, and distribu- 
tion, have furnished naturalists with some of the most usafiil 
characters for classification and distribution. As these varieties 
of the teeth are always connected with varieties in the stmc* 
ture and functions of other parts, or rather of the entire frame, 
it will be necessary to conader some of the most prominent of 
them. The mode in which teeth originate and grow is, per- 
haps, one of those questions on which physiological inquiry 
has led to the most satisfiu^ry results. Every tooth presents 
OS with two parts, the ivory or body of the tooth, and the 
enameL The existence of this last, indeed, has been denied in 
the tusks of the elephant, in those of the walrus, the narwal, 
and in the incisor teeth of the Afiican hog ; yet in all these we 
find an external thin covering of a different substance from the 
body of the tooth. 

If at a very eariy period, say during foetal life, we examine 
the jaws, we shall find, between the bony plates termed 
alveolar processes, a soft round pulp deposited, by which the 
body of the future tooth is to be formed. It is in great 
part surrounded by a sac, the office of which is to dejpovt 
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on it the enasnel. This enamel in iu ooven the csown 
and body of the tooth, and reaches as finr as the naek, or 
the point where it is implanted in the gams. For infltaDCf^ 
let this represent a section of a jaw-tooth: the 
ftnga and body of the tooth, which are made 
of ivoiy, ate represented shaded; the enamel, 
reaching as far as the neck of the tooth, is re* 
fna&xted white; and the darkened figure in 
the eentre, represents the cavity in the body 
of the tooth, containing the remains of the pnlp, to 
whidi canab are seen leading' ahoiog each fiing, [thiongh which 
ran yessels and nerres. But to return to our pulp. If we 
prraanninpt H ft Uttlc Istcr, we shall perceiye a fine scale of bone 
or irory deposited on its upper surfisu^, supposing it to be in 
the lower jaw. This scale we can detach with our nail, and it 
will present exactly the figure of the future tooth. It may be 
disoemed in the figure as the bounding line between the body 
of the tooth and the enamel. Succeasiye scales continue to be 
deposited within this, gradually diminishing the size of the 
pulp, until, at length, nothing remains but the small portion 
shown abore. The body of the tooth is now fi>rmed. Mid the 
sac, which enyelopes it as fiir as its neck, commences to depomt 
upon it the enamel, always in a direction perpendicular to the 
snr&ce. The growth continuing at the same time at the roots^ 
the crown of the tooth, thus coyered, is pushed up, and gradu- 
ally cuts the gum ; in its progress, also, necessarily tearing the 
sac which had deposited the enameL From this it is clear, 
that if the enamel be in any way injured or destroyed, there 
are no means for its reparation; and as we know it to consist 
chemically of cerfaun salts of lime, which are soluble in acids, 
we see the danger of using such applications as contain them, 
and which are too often sold under the name of detersive mix- 
tures, dmtrifices, &c. They certainly remove dirt or tartar 
from the sur&ce, but they as certainly remove with it part oi 
the enamel, so that if their use be continued, the enamel is by 
degrees totally destroyed, and the soft ivory left bare and ex- 
posed. 
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The cfnamel is the hardest production of the animal body, 
80 hard that it will strike with steel. Its use is^ therefore, 
eridenty where the parts are subject to so mudi attrition and 
fiictidu 

It is usual to dlyide the teeth into three kinds^ which, finom 
their sitoation, are termed bj Blumenbach front teeth, comer 
teeth, and back teeth. Thus, if we examine our own mouths, 
we shall find that each jaw contains four of the first kind, two 
of the second, and ten of the third, making in all thirty-two, 
which b the full number in the adult human head. 

The front teeth we shall first examine. They were called 
by Linnieus ineisars, frt)m their use in cutting the fix>d. In 
man, it will be observed that the incLsors of the upper jaw 
geneiaUy pass outside those of the lower jaw, so that they 
act like the blades of scissors. When the reverse is the 
case, the person is said to be underhunffy and painters look 
on this as a defect. In the horse, these teejkh, which are 
termed nippers, do not cross, but meet; consequentiy, in the 
grinding of the food by the back teeth, these teeth are rubbing 
against one another, and are thus subject to very great wear. 
To enable them to resist this^ they have an additional plate of 
enamel running down the centre, and when the prolongation 
of the sac, which was sent in to secrete this enamel, is taken 
away, a hole is necessarily left in the tooth, which, being filled 
with particles of the animal's food and other foreign matter, is 
usually of a dark colour. This is termed by jockeys the 
mark, and they judge of a horse's age by it, as, of course, when 
the tooth is ground down the mark disappears. In the roden- 
tia, or gnawing animals, such as the beaver, squirrel, or rat, 
these teeth, being required for cutting through very hard sub- 
stances, are shaped like a chisel, and by a beautiful arrange- 
ment, the enamel being placed in front, and the bone behind, 
the latter, which is soft, wears away faster than the first, so as 
to leave the tooth always with a shaip edge. In these animals, 
also the pulp is not destroyed, but remaining at the bottom, is 
constantly adding fresh matter, and pushing up fresh tooth to 



snpply the waste above. The great size of these teeth ie le- 
markable, although a small portion only of thin length appeoia 
through the gum. They represent the segment of a drde; 



and are centred in a caual of bone which, in the under jaw, 
runs beneath the roota of the back teeth almost to the very 
extremity of the jaw, bo that, althoDgh their anterior cutting 
edge is in the front of the mouth, their posterior extremity is 
behind all the teeth. 

These teeth in man are always perpendicular in the lower 
jaw, while in other mammalia they are more or leas oblique. 
This distinction does not hold in the upper jaw, as may be 
seen in n^roes. 

In homed animals that chew the cud, such as the cow, 
there are no incisors in the upper jaw. The grass ie gathered 
in by their tongue, and cnt by eight sharp incisors placed in 
the lower jaw, and acting like a sickle. 

The comer teeth, called also canine, and eye teeth, are more 
particularly confined to carnivorous animals, and in them are 
Dsed for die purpose of seizing and tearing their prey. The 
fangs of ike lion and tiger are good examples; also the holder* 
of the dog. These teeth are, of all others, most liable to 
varieties, particularly when they occur in graminivorous ani- 
mals, where they are not required for the above, which seems 
th^ more Impropriate, use. Thus, in the elephant they 
assume Uie form of tusks, which are nothing mote than canine 



Mb entnwN^dBTClaped, aid ehangMltii tlHJTnntelill^na 
af dttoM. V«teoib» Mttv In the wild hon, frbenUbKj 
tto Rive fat notfaig vp tlw grmmd. In Om ynirai, ibem 
toiks are of a Terr angular ^pcanmce, Htd Sir Chadea Bell 
Od^erturea diey maj aerre as ofgana of loeasioUon, enaUHng 
the animal to drag np its onwieldy bnlk on aa iceberg. The 
longapear-liketitdc of the narwhal bel«igarisal« this divimon, 
tbougfa, for anatomical reasons, both it and tlie tanks of the 
alephant have been by some refiured to the indaors. In the 
Smt habfnuma, m atag hog, the nrietjr ia itUl ntore remark- 
mtie; for the upper canine teeth hen^ la [Jace of growing 
down, grow npwardi, peaebate the upper jaw-bone, and bend- 
ing bade towuda the 0703, form almost a compbta drcle. The 
TMHon for thia eeeme not jret well aacertained. Paley thonght 
that the animal alcftt atanding, and, in ofder to BOppoit its 
haad, booked OaM tnaki on the branohei of trees. Thia ia 
nallj M ingenioBa, that we almost ngret not to find it mo- 
firmed by facta. Sir Everard Home mippoeea them to act aa a 
dcfeice of the eyes when the animal rushes through nnda^ 
VQod; bat as other animals roih through underwood without 
bsvtng this ddenot^ we can hardly eonsider tiie point as jet 



U (lowing Ihtmsta tbe nn« 



KtiUiw is man totally exempt from the kw of wMpf 
impraned en this deseriptien of teeth, as we know fima the 
example of WSBiam de la Mmdc, who, firam the prammeBoe 
of hk under jaw^ and the nndne developement of its caniiie 
teeth, leoeiyed the weU-known soabfiqnet of ^the Boor of 
ArdeniMS." 

Hie teeth of fishes axe not, in genend, fitted for maslicft- 
tion, hat rather for seizing and detaining their prey. They, 
therefore, helong rather to this daas. They hare the pecah 
liarity of not hdng formed like other teeth within hony 
prooeaws termed alveoli, but externally, and xather in tlie 
maimer of horn. In serpents, the under jaw is always pr<K 
Tided with a row of teeth sharp and hooked. The upper jaw 
aerresto distinguish between the poisonous and non-poisonoiis 
^eciei. In the fonner we find a moveable bone attached to it^ 
fixnn which depend the fangs. These are usually in a r ecmm 
ient poation towards the back of the mouth, but when the 
animal is excited they are brought into a state of erection by 
the action of a muscle, which, at the same time, compreaaing 
thepoison-^land situated beneath it, forces its contents through 
the canal that communicates with the fangs. These fangs are 
themselves hollow and perforated, so that they afford the 
poison a ready passage into the wound which they inflict. The 
non-poisonous serpents are never possessed of these fang^ but 
in their place have a double row of teeth in their upper jaw. 
It iB fiur, however, to state that Cuvier doubts whether some 
serpents without fangs may not be poisonous. But he adduccB 
no direct example, and seems to speak of it rather as a matter 
rehiring farther observation. 

The back teeth, termed also molars or grinders, are the 
most important, as it is by their action that the food, seized or 
divided by the front or comer teeth, is more immediately pro- 
pared for digestion. They are, consequently, the most uni- 
versally present, and are found when the others are totaUy 
'Wanting, i^ in the armadillo. The only exception to this is 
the narwhal or sea-unicorn, which has no tooth of any kind 

£2 
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except the long spinl tusk before mentioned, and classed with 
ihe ejuaf(iie« In c ai idf uioaH uminalis tlie ibod, htfmgahksH&y 
snimirfized, le^ydies leas prelinanur mastkaAkm to s«H it -for 
digestion; Their back teeth are, therefore, near)/ < of ^ the 
nMore of Ihe incisra^ and do little more than divide'tlie! jbod. 
A' M^e of ammel oT«r the crown of the tooth is^'lher^oare, 
sHflkteBt for their d^nioe. Bat in the giaminiToions iihiziklds 
the 'food requires Ion? mastication, in soch as chew the cud 
oTen repealedy bdore it is fit for the action of the stottiadi. 
WhiHT teeth, therefore, soffer immense robbing, and were they 
tterely covered bj enamel this would soon be worn off, 'and 
the body of the tooth left nnprotected. The ammgeknent 
heKyiherefiN^ byaried, and the tooth is composed of altei^iate 
p^rpendicnlar layers of enamel and bone, by which two ends 
are gained; the strength of the tooth is mach increased, iand 
the bone weaiii^ a little foster than the enamel always leaves 
a rough aurfoce fit for the purpose of grinding. Mill-stones 
are selected exactly for this quality. They must coni^ist of 
haifd, giitty particles, imbedded in a softer and more friable 
stibstance: as this wears away foster, the surfoce is always 
trough. 

' A Mon or a tiger has killed its prey in the woods^ and 
likving sucked the blood, and devoured some of the richest 
Daudcalar parts, it perhaps retires, leaving the remainder to be 
fod ofi. by the chacal, the wild dog, or the wolf. These lie 
gorged around it, and the vulture and the carrion crow have 
picked from the bones the last shreds of flesh that adhered to 
ihem, while myriads of flies hovering about deposit their ^;g8 
Wh^re they know the young magg;ot, as soon as hatched, will 
find- its appropriate nutriment. The heat of the sun soon 
btlngs thekn forth, and they penetrate even into the remotest 
■eatvHies of the brain and spine. One part of the aapfimal, 
ht^Wdvet) yet remains: the rich marrow in the long bonds of 
tlifO'li^. ' This is reserved for the h3^na, who^ to •enable it to 
^at'this^ is furnished with molar wt jaw^teeth of'imntense 
jttb^h^ 'Wid^ at the base and corneals By means of ittiese it 

.•Miiv/ 
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l>l^fj;wi<l|. 'ea^e even the l^wg^st J^nes -o^ ,th9< lox^ tJbi^.jriiiiwh 

oeio^ t<w-tbe,«lepbaiUaAQd th^n^ with ItB Lqi^., tapeirvtoognfi^ 

licksiontth^ir contents. • jo 

TIu$ib]iBg^ us so dkectly to Professor Buckland's internstrr 

log 4i9^rtation on the bones found in the Kirkdale Caiye^ Yorl^ 

shi]!^^ <^t a Yiew of his course of argument becomea neeessapry* 

This casvero was d^overed in the summer of 1821, by cutting 

back a quarry, and was visited by Professor Buckland in the^ Jhn 

cember< of the same year. He first observed the means by whkli 

the mouth of the cavern had been closed, and found it to wor 

aist of beds of loam and clayey sand, mixed with roUed pebbles } 

in shorty that description of matter which is termed dHwrntii^ 

from the general, and, indeed, almost unavoidable, condusio^i 

that at the time of the Deluge this stratum, in the form of t^ 

thick mud, spread over the plains, covered the floors of thi9 

caverns, and choked up the fissures of the rocks. A similair 

layer was at the bottom of the cavern, and in it the bones of thf» 

elephant, rhinoceros, horse, ox, deer, hyena, tiger^ and oth/eff 

beasts of prey ; hares, rats, and mice, and even of some birdfU 

Such animals could not all have dwelt together in this eavef 

the question then is how their remains became collected, l^ere 

were no rolled pebbles at the bottom of the cave, which woujid 

have been the case had the bones been brought togetl^e;^ 

hy the action of water. The bones were smooth, or ratheif 

flat, on one side, as it was found on laying them down thai 

they only rested easily in one way. This Professor BuickT 

land referred to their being rubbed by the <;onstant passage of 

animaLs over them. They were all broken, and the fraotijKBe 

was sharp and splintery. Some ox-bones were given^ t^rd 

hyena which happened to be then exhibiting; they. wer0 

I'eadily broken by the animal, and on comparing them.>.wiib 

the fragments found iii the cavern, a striking similarity* in /th^ 

form of fracture was observed. Of the teeth of !the hy8i;ill 

great numbers were found, so that one man alope g^theire^ 

ii^OTe than three hundred of them. Some of these p^J^, 

exactly into some of the notches formed in the bones by 

gnawing. 
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Some romd balls were finrnd, wbieh, ehemieallT' ewuniiKed, 
yirided piioepbale of lime. Thej wciey therefore, animal 
matter. The keeper of a menagerie, ea being ihown them, 
without heeitatioa declared them to be the dropfnngs of the 
gtiiped hyma. Finall j, IVoftnor Bnckland compared the 
ciicamstances <tf this care with the deniiof living hyenas, and 
with similar caverns diseovexed in Crermany, and found a most 
exact eonespondenee. The eonrhiaimithMi was^ihat this had 
been, for a long series of yeara^ the d»i of saoeesaiTe genera- 
tions of hyKna% and that by their means had been ooUected 
the prodigious quantity of b(mes belmig^ to such Teiy dis- 
similar animals. As by snas are wdl known to plunder grave- 
yards^ and prey <m the remains oi the human subject, it is 
probable, firom no human bones having been found in itua, or 
indeed in any similar eavem, that these countries were not 
peopled at the remote period to which the revolution that 
dosed up these caves must be referred. It is also j^bable 
that the climate was widely different from what we enjoy at 
present, to admit of the growth and re^dence of some of the 
animals we have montioned. 

The grinding tooth of the elephant possesses^ in addition to 
ivory and enamel, a third mattv , termed enuta petrata^ which 
is placed outside and around the enamel, and seems to assist in 
lffiw**Ai"ing an irregularity of the surfiice. In fict we mig^t 
almost consider this tooth as made up of a number of smaller 
teeth united together by their ades; and a vertical secti<m will 
show us the bone of each of these Apringing up^ as it were, 
fiom a common base, surrounded by its own enamel, and then, 
outside all, the crtuta petrosOy resembling a cement, holding all 
these individual teeth together, and binding them into one. 

In the cut we may distinguish d, the hollow in which the 
pulp was lodged, sending up its various prolongations which 
served to secrete c c c, the ivory or bony parts of tlie tooth, 
outside which we see ^ 5, the enamel, deposited in crystals 
perpendicular to the surface of the bone, and outside all a a a, 
the 0rugta jpetrosa, holding all together, and filling up the inter- 



^wee. Kake described two~ parts external to the ^saaxaef.^ 

tJie intenutl of nhich, marked in oiu figure by long lines 

eognuig loond the surface of the.emmel, he teemed to cob- 

oder aa the troe cnuta parosa, while the external, or that 

viiich we have marked a, he denomuiated "adfeatitioua 

matter." When these two are worn away by grindiiig the 

fwd, it is evident the enamel on the tops of the several denti- 

nli, or lesser divisions of the tooth, will appear; and the 

XM«Kt3Kis of figure' which it pre- 

itDto in the tooth of the Asiatio 

tud: ^L&icao elephant, has fur- 

^iihiil the grounds ibr deciding 

than to baloiig to diffeient species. 

In tiw ionner, the fignne is always 

era^ia tJie latter swnething of a 

hwg Si a lu yty as may be seen in. 

tUe, tut, in. whieb a represents 

the gril)di;f( s«r&ca of the tooth 

I'jn.iA'^atiB, :{^ of au Africap 
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elephant ; the white lines are the enamel, and the dark, the 
adventitious matter, or cnuta petrosa. 

The true whales have no teeth. Instead of them they 
are provided with certain plates called whalebone, solid at the 
top, but opening out like a brush at the bottom. A number 
of these are placed across the palate in parallel rows, from the 
lips to the top of the throat. However singular it may appear, 
it is no less true, that whales feed on extremely minute 
animals, chiefly of the molluscous kind. These are known to 
exist in the greatest numbers in the northern seas, insomuch 
that Captain Franklin says the slightest thaw on an iceber]f|f 
produced a number of little pools that seemed absolutely alive, 
so great were the swarms of animalcules. When the whale, 
then, wishes to feed, he opens his mouth, which is of enormous 
size, though we may not actually go so far as to believe Sib- 
bald's report that a sloop in full saU, with all its equipage and 
complement of men, was seen to enter the open throat of one 
that had been cast away on the shores of the great ocean. The 
next thing to be done, then, is to swallow the food; but the 
immense quantity of water by which it is surrounded, would 
be of no use, or rather would be a great inconvenience in the 
stomach. To get rid of this, then, he makes the motion of 
swallowing, at the same time stopping the true passage to the 
stomach. The water is thus passed through all these plates of 
whalebone, by which it is completely strained of its animal- 
cules, and arrives at the back of the throat pure. But here 
the passage downwards is closed against it, so that it is forced 
upwards into two large membranous pouches, situated beneath 
the skin. Strong muscular fibres meet above these pouches, 
by the contraction of which they are pressed on, and the water 
thus finally expelled through the spiracles or blowing-holes 
with great force, rising at times to a height of thirty feet or 
upwards. Another use of these spiracles is, that being situated 
on the top of the animal's head, and . communicating directly 
with the windpipe, they enable it to breathe by just rising to 
the suiface, without the necessity of putting its mouth up out 
of the water. 



The teeth an placed beyond the Ksch of the cboulation. 
No blood-vessels eater them; therefore, when once fonned, 
the; can never increase in dze. From thisuiaes the neceanty, 
in man, for the second set of teeth, which are both ktger and 
more numerous than the first, to suit themselves to tli« 
increased size of the jaw-bone. If the fistus be examined, in 
the second month of conception, we shall find the jaw-bone 
just commencing to be fonned. In the fourth month the 
rudiments of twelve teeth, that is, the pulps trom which they 
are to be formed, appear, supplied with blood-vessels and 
nerves. At birth the mouth shows no marks of teeth, but, 
like the mouths of the lower orders of animals, is nothii^ 
more than a sucking orifice. The rudiments, however, of two 
sets of teeth are at that moment contained in the jaws; for 
after the pulps of which we have spoken have nearly fonned 
the first set, they each send off a little pulp like a bud, which 
seems to spring from their sides, and is destined for the forma- 
tion of the second set. The first set are termed the deciduous 
or milk-teeth. Tliey are ' twenty in number, and appear at 
Tery irregular intervals. The first to come up are the centre 
incisors of the lower-jaw, then in a short tune after, perhaps, 
_ those which oppose them in the upper. These may be usually 
looked for about the fifLh or uxth month, but sometimes 
appear as early as the third. The other incisors then cut the 
jaw, then the most anterior of the jaw-teeth, and last of all the 
hinder jaw-teeth, which do not rise till the beginning of tha 
third year. To iiuae, in the adult set, are added three more 
jaw-teeth, for which, in foct, there is no room at present, as 
will be seen in this cut. 



or Milk TeeUi up ; i Fernuaeiit T«lb In pnipuaUsD. 
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In the flixth and aerenth- years tha jawa have gioim so 
much that they are too large for the teeth. Spaces are left 
between them, they get loose and begin to ledl out. The per- 
manent teeth spring up in their place, but it is not until 
eighteen or twenty, that, the jaw having acquired its fpU taza, 
the hindeimost jaw-tooth, commonly called the i0udo»4ao$hy 
has room to rise, and then the process of dentition is eompleto. 
As the teeth are destined to imdeigo a constant and conttdeiable 
degree of pressure, they are provided with a sort of springiaeas 
or elasticity at the bottom, which gives them a constant ten- 
dency to rise. The result of this is very evidoit when a tooth 
is lost; for then the one opposite it being no longer presBcd on, 
except indirectly, is very apt to rise in the jaw, and so become 
loose and drop out in its turn. 

In animals, such as the beaver, in whom the tooth eon- 
ftantly grows &om the bottom, it becomes so long as to be a 
po^tive inconvenience, if the animal be restrained from gnaw* 
ing hard substances. In the elephant, the mode in whieh the 
tooth cuts the gum is from behind forward; ^nd as the &ont 
layers are worn down, &esh layers are added behind, and fresh 
teeth formed. If this animal be confined wholly to soft food, 
tiie tooth in front is no longer worn down fort enough; and 
matter continuing to be added behind, the layers beomne 
cmsted together in a most extraordinary maimer, as nu^ be 
seen in a tooth preserved in the Museom of the OotU^ge of 
Surgeons. 

The jaws are joined together in soch a manner as to allow 
motion suited to the teeth. Thus in cazniTVious animals we 
have said the teeth were chiefly used in cnttiii^' their food, 
and closed the one within the other, like the blades of scissors. 
The only motion necessary here, then, is a direct up^and-^own 
motion, such as would be given byahinge^ and this oonae- 
quentiy is all that they are allowed; the lower jaw being 
closely locked into a deep cavity of the upper. In ^[raminivo- 
rous animals^ where the molar teeth have broad flat surfooes 
for grinding, this motion would no long^ be anflGiGient. In 
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tiMiDy thereloTey the jaims are united by sorfiiceB playing freely 
Mnver each other, and allowing an extensive motion from aide 
to aide. They have also the fonner, or hinge-like motion, 
iirhich is necessary to enable them to crop their food. But 
there is still a third kind of motion by which the lower jaw is 
thrust from behind forward. It is observed in the rodeniia^ 
ct gnawing animals, is necessary for the advantageous employ* 
me&t of their chisel-shaped front-teeth, and in fret is that 
EBotitm by which the rat or the beaver so quickly gnaws 
through a piece of timber. The instinct that teaches animals 
to avail themselves of the peculiarities of their oiganization is 
w^ displayed in a passage from that most interesting little 
work. White's Naturai History ofSeHome* 

^ There are three creatures, the squirrel, the fiield-mouse^ 
and the bird called the nut-hatch, which live much on hazel* 
nvts, and yet they open them each in a different way. The 
fast, after rasping off the small end, splits the shell into two 
with Ids long fore-teeth, as a man does with his knife; the 
second nibbles a hole with his teeth as regular as if drilled with 
a wimble, and yet so small that one would wonder how the 
kernel can be extracted through it; while the last picks an 
inegnlar ragged hole with its bill* But as this artist has no 
paws to hold the nut firm while he pierces it, Uke an adroit 
workman, he fixes it as it were in a vice in some cleft of a tree^ 
or in some (crevice, when, standing over it, he perforates the 
stubborn shell. We have often placed nuts in the chink 
«f a gate-post, where nut-hatches have been known to haunt, 
and have always found that these birds have readily penetrated 
them. While hi work they make a rapping noise that may 
be heard at a considerable distance." 

All the kinds of motion we have mentioned exist in the 
jawv of man. The hinge-like motion is used in biting our 
food; the lateral in chewing it. For the motion from behind 
fi>rwaidB there does not appear any particular necessity, bu^ " 
that we have it, any one can convince himself, by moving his 
unde^ jaw beyond his upper. The different direction of the 
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teeth prevents its being at all applicable to the same use a^ in 
the rodentia. From this variety of motion, from the form of 
our teeth, and structure of our digestive canal, physiologists 
have determined that man is not, like other animals, confined 
either to flesh or grass, but is omnivorous, that is, capable of 
living on all kinds of food*. Were he otherwise, his faculty 
of supporting ail varieties of temperature would be of no use. 
In the snowy regions of Tierra del Fuego, or the ice-boimd 
coasts of the Northern Sea, no vegetables are to be had for 
many months of the year. During this time, therefore, the 
inliabitants use a wholly animal diet, and they, appear as 
vigorous and healthy on it as those of the temperate zone do 
on a mixed diet. In the torrid zone, on the contrary, where 
flocks and herds would languish beneath the heat of the tropi- 
cal sun, where scarcely sufiicient grass could often be found for 
their subsistence, and where their numbers would be con- 
stantly diminished by the attacks of beasts of prey, mankind 
no longer depend, upon animal food, but find its place amply 
supplied by numerous and valuable vegetable productions. It 
is here the cocoa-nut and plantain flourish; the yam, cassava, 
and other roots ; the rice and millet, while a thousand cooling 
and refreshing fruits invite by their flavour to that description 
of diet which is most suitable to these countries. 

During mastication, the food is constantly mixed with the 
saliva, which is supplied by three glands on each side, called 
salivary. The first of these is placed before the ear, or rather 
in the narrow space between the lower part of the ear and the 
ascending branch of the lower jaw-bone, which can be felt in 
this place. From this situation, it is termed parotid f, A 
canal running from it opens into the mouth, nearly opposite 
the second jaw-tooth. The second of these glands is the sub- 
mcuctUary, placed, as its name indicates, beneath the lower jaw. 

[* The stomach is not only capable of adapting itself to variety of food, but 
tiiat very variety is an essential to life. The handles of knives swallowed by 
Jugglers have been digested, the jugglers continuing in health, while an ass fed 
solely upon rice died in about fourteen days.] 

t From iragoi near, and ov; the ear. 
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The third is the sublingtMl, placed beneath the tongue, and 
both those discharge their secretion on the floor of the mouth. 
This secretion is known under the name of saliya, or spittle, 
and its evident use is to moisten and form into a paste the food 
as it is chewed, which without this would only be reduced to 
a . dry powder extremely difficult to sw;allow. The saliva is 
poured into the mouth most abundantly at the time of meals, 
when it is most wanted. The quantity afforded to one single 
meal is stated at about six ounces, but this of course must be 
a very rough guess, as it will be greatly altered by the more 
or less stimulating nature of the food, the quantity of moisture 
it contains, and other such circumstances. The influence of 
the mind over the salivary glands is well marked. The mouth 
waters when we see, or with some even when they read of, a 
savoury dish, and that the same feeling extends to lower 
animals any one will admit, who has seen a dog looking wish- 
fully at a joint of meat roasting before the fire, with his head 
placed to one side, and a long clear string of saliva hanging 
from his lips. These glands are abundantly supplied with 
nervesi, and an intimate connexion seems to exist between their 
action and the action of certcdn glands in the stomach, of which 
we shall have occasion to speak afterwards. This is evinced 
by a case mentioned by Doctor Copland, in which a maniac, 
attempting to commit suicide, missed the principal blood- 
vessels, but divided the oesophagus, or gullet. In the attempts 
to preserve his life, food was introduced into his stomach by a 
tube, to prevent the reopening of the wound which would 
necessarily follow any attempt at the ordinary mode of swallow- 
ing^ As soon as the food had reached the stomach, an abun- 
dant secretion took place from the salivary glands of the mouth, 
though of course there was no attempt at mastication. This 
is interesting, as showing the sympathy established between 
parts intended to assist in the same operation. 

The saliva is a clear viscid fluid, consisting in a great mea- 
sure of water, containing a little albumen, from which it 
derives its viscidity, and some salts. In the natural state of 
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the tongae and oigans of taste this saltness is not percttTed, 
bat alter fevers, when the thick black cnist^ whidi in them so 
often eorvers the tongue, has peeled off, and left the iangom, as 
it wete, almost raw, the extremities of the neires of taste dn» 
Iribated to the tongoe become remarkably sensible, and then it 
is veiy common to hear patients complain of a salt taste in 
their months. This liqnid serves not onlj to make into a 
parte the food when chewed, but also to keep the organs rf 
taste in that state of moistoie necessary for the proper execution 
of their functions*. We may, therefore, expect to find the 
glands from which it comes large and numerous in thsose 
animals whose food requires long and laborious chewing, and 
en the other hand diminished, or altogether absent, where the 
food is swallowed down as taken, or where the tongue, haord 
and homy, must be totally deprived of all discrimination of 
tastes. And such is really the case : the ruminating animals 
are well known to be those whose food requires the most 
continued mastication, and in them we find the whole month, 
as it were, set round with these glands, and even new ones 
added, which are not to be found in man* The camivonMis 
animals, such as the lion and tiger, who greedily swallow their 
prey after a few hasty cuts with the teeth, are much WMse 
provided in this respect; while many fishes who swallow their 
prey whole, and in whom, as we have said, the teeth are rather 
organs of prehension than of mastication, are totally devoid of 
anything that can properly be called a salivary gland. 

The influence of situation is also to be observed here. The 
camel has an apparatus foimd in no other animal, for moisten- 
ing the back part of its throat, over and above the abundant 
supply of salivary glands which it possesses in common with 
other ruminantia. How beautifully suited to the wants of 
this ** ship of the desert!" The ostrich, of all birds, has the 
most abundant salivary apparatus. ''They are collected," 
says Cuvier, ^ in a crescent-shaped mass, which runs along the 
edges of the tongue, and forms the greatest part of its bvUc. 

I* When the tongoe is dry, as in lerer, taste cannot be excited.] 
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Their moisttcre is pomred oi^t from a crowd of oriftcef pierced 
on the inferior surface of this oigan." Now compare with 
ihese inliabitants of *^ the barren and dry hmd,'* ihoee of their 
own claas which are most directly opposed to them in their 
habitations; with the camel compare the whale, which equally 
with itself belongs to the great class Mammalia; with the 
ostrich compare the water-fowl, which can equally claim the 
name of a bird, and we shall find in these latter, the saHvary 
glands, either quite obliterated or so reduced in size, as merely 
to mark the place which in other animals they would occupy. 
In serpents, it is one of these glands that is used for the secre- 
tion of poison, but the expulsion of this poison is always deter- 
mined by a voluntary act of the serpent, and connected with 
the erection of the iang; and it is remarkable, that though so 
deadly when instilled into a wound, it is perfectly harmless 
when swallowed, as we learn from the experiments of Fontana. 

During mastication,* then, the parts of the mouth are in 
continual action. The tongue presses the food under the teeth, 
the fflde muscles prsTent it collecting between ihem and the 
jaws, the lips close to prevent it &Iling oat» and the salivary 
ducts bring a constant supply of liquid to moisten and soften 
it. When the food has undergone all this^ it is then, but not 
till then, fit for deglutition or swallowing. This is what we 
have next to eoomder* 

Immediately behind the mouth is placed a funnel-shaped 
bag, F, termed pharynXy surrounded by muscles. The lower 
end of this terminates in the gullet, or (esophagus, b, leading 
directly to Ihe stomach. In front of this gullet is placed, just 
at the root (if the tongue, e, the opening of the windpipe, a, 
and the peculiar little lid, e, termed eptglottiSy which shuts down 
when any thiiQg is to be swallowed, so as to prevent the least 
crumb or drop from getting in. In the interval that separates, 
as it were, the mouth from the pharynx, hangs down a move- 
able arched curtain, which any one may see in himself by the 
assistance of a looking-glass. It is in the form of a double arch, 
frxnn the centre of which hangs the long moveable glandular 
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body, w, called fimn its reaemblancfl to a gnp«, uvula. A 
little fortiier back, we can at'dl penMTe, by tbe ^d of the 
looking-glass, aoother pair of archM joining these at the p<riiit 
firom which the nnda springs, but separated from them below. 



and in this interval are placed tlie tonsils, wMch are so often 
swelled in a cold, accompanied by a sore throat. These tonsils 
are glands pouring out a mucous secretion, and their use in this 
place is to lubricate the food and assist it in its passage down- 
wards. Behind and above these arches the passages from the 
posterior nostrils open also into the pharynx at the point », and 
during the act of swallowing, these curtains, carried back by 
their muscles, are applied against these openings, so as to pre- 
vent any of the food getting into them. If, in the act of 
swallowing, a strong exertion be made, such as a burst of 
laughter, this barrier will be forced, and the food partly 
expelled through the nostrils. The same often occurs in the act 
of vomiting. The returning smoke through the nostrils is 
yery common, and can be acquired by any one who thinks it 
worth his while to practise it. It is merely necessary to make 
the preliminary motions of swallowing, and when the smoke is 
got as &r as the pharynx, then suddenly to cease. The velum 
drops, and the smoke, by the slightest compression, is returned 
through the nostrils, the only passages now open to it. A 
reference to the above cut will at once make this plain. 
Besides the openings we have already mentioned, in this funnel- 
shaped bag, there are two more placed towards its side and 
upper part. These are the tubes leading from the ears. We 
shall have occasion to mention their uses when speaking of the 
organs to which they lead. At present, we shall only say, 
that inflammations propagated along them, explain to us why 
a slight deafiiess is so often combined with colds affecting the 
glands and lining membrane of the throat. The pharynx 
extends to about the middle or even the lower third of the 
neck, and here it terminates in the gullet, just as a funnel 
might terminate in a tube inserted into its narrowest end. 
The gullet is a muscular cylindrical tube placed behiild the 
windpipe, and between it and the back-bone. In this situation^ 
it runs along the neck, and getting into the chest, begins to 
deviate slightly towards the left; still, however, keeping close 
to the back-bone. It runs behind the heart and lungs, and 

p 
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penetrating i>y the diaphragm or great muscle that «eparate6 the 
chest £eom the beUj, k terminates by entering the stomachy c, 
close to its left upper extremity. It has two muscular coats, 
by means of which the food is carried to the stomach, and it is 
]&ied with a contiauation of the same smooth cuticularmem- 
bmiie that we see on the inside of the mouth* Tki? lining 
membrane suddenly changes its qualities aiid appearance as 
floon as it enters the stomach: but it is from its continuity 
with the general lining membrane of the intestinal caiial, that 
physicians judge of the state of the latter, by the appeaxances 
observed on the surfsu^ of the tongue. 

We are now called to obsenre the progress of deglutition. 
!rhe monsel, when sufficiently chewed and mixed With saliva, 
is collected by the assistance of the lips, cheeks and tox^;ue, 
ficom all parts of the mouth. It is placed on the back of the 
tongue ; the jaws are closed ; the toi^gue, pressing against the 
palate, forces the morsel backwards towards the phaiynx ; at 
tiie same moment, the pharynx is drawn rather upward and 
forward* to meet it; the windpipe is closed by the epiglottis, 
0T6r the back of which the morsel must pass; the constrictor 
muscles of the pharynx seize hold on it, and drive it into the 
<esophagus; the circular muscles of the cesophagus now come 
into play, and acting in succession from above downwards^ they 
with great rapidity drive the morsel along the whole tube imtil 

* Thifl motion is prinoipally produced l^ the diffOttric or two-belied muscle, 
to which we before alluded, and which has the singular coofonnation of a fle^y 
helly at each end, and the tendon in the centre. The object of this is obvious to 
any one who looks at the muscle. The part on which it is chiefly to act, is the 
top «i the gullet, which is here supported by a bone called U-shaped (byoid), 
teoause it assumes something of the form of this letter, sending its branches along 
the ddes of the passage, and having the windpipe attached to its rounded extre- 
mity, which is in front The digastric muscle arises in the front from the chin, 
and behind from a hard projection which ms^ be felt a little posterior to the ear. 
Its branches descend something in the shape of a V, and Just at their anf^e are 
implanted into the sides of the U-shaped bone, having previously passed through 
a noose loft for them between the fibres of another muscle. For both these pur- 
poses, it wasneceaary the tendon should be in the middle, as the fleehy belly 
always grows thicker when a muscle contracts, and, therefore, would constantly 
be squeeaed by the noose, or would tear its fibres asunder : it would also be "very 
Clumpy to attempt attaching it to to smaU a bone. Both these difficulties are 
WN>id0d by the present ananfement. 



piassTxoN. #7 

it is safely lodged in the stomach. This "will show that the 
food does not descend, as is commonly suppose^ by its own 
weight. Were this the case, how could a horse swallow, 
whose head, in grazing^ is much lower than his stomach? It 
also explains the feat performed at Sadler's Wells, by the 
tumbler, who, standing on his head, used to drink a glass of 
wine to the great astonbhment of our foarefEitherB^ who could 
not imagine how he got it to go up. We have seen, then, how 
the food is prepared lor and carried to the stomach; our next 
inquiry must be into the nature of the changes it there 
undergoes. 
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DIGESTION. 



PiAT II. Of the Stcmachy and ttdka takes pkux there. 
Of Hunger y Thirity and Food* 

The stomach is an organ that varies much in size, form and 
structure, according to the food of the animal. These varieties 
are always shared by the rest of the intestinal canal; and as 
they are in direct relation with the varieties of the teeth, we 
can from the latter, which we may call external, draw certain 
conclusions respecting the former, which are internal. Now, 
as the whole auimal frame is powerfully influenced by the 
nature of the digestive apparatus, without which, in fact, no 
ammal body can exists the wonderful importance of the teeth, 
as an index to the whole structure, becomes at once evident. 
As flesh, having been already part of an animal body, seems 
more ready to enter into such a combination again, carnivorous 
animals have a small simple stomach of littlejpower or muscular 
loroe. The intestinal canal also is short, slender, and not much 
convoluted, or folded on itself. We need scarcely add how 
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feiiited ihis, to the light afid agile forms necessary for heasts of 
ptey. In graminivorous animals the reverse is the case. 
Everything seems here done to detain the food fop as kwig a 
period te possible, in order that time may be afforded for 
extractmg all the nutritious matter it may contain. And the 
nature of vegetable food, Uttie prone to putrefaction, favours this 
design. The stomach increases in complexity, ascending through 
the non-ruminant up to the ruminant animals. In these latter, 
there are actually four stomachs, the internal surface of which 
is rendered as extensive as possible, by being thrown up into 
numerous folds and wrinkles. The intestines are long, and 
frequently twisted, so as to afford constant interruptions to the 
onward passage of the food. In consequence, their bulk is 
generally great, then: bodies unwieldy, and their motions slow. 
Were such animals as the elephant or the ox to attempt living 
by the chase, the lesser and more active animals would escape 
from their grasp ; they would soon die of hunger, or be driven 
to their natural food, the fruits of the earth. 

The human stomach will be found, as it were, a medium 
between those opposite extremes. Some of its provisions appear 
suited to animal, some to vegetable food: and thus we have 
an additional proof that man is an omnivorous animal. It is 
capable, in its natural state, of containing two or three pints 
of fluid, and resembles a bag stretched across the upper part of 
the abdomen from left to right. Its left extremity is the 
largest, and close to this the oesophagus enters. 

In the subjoined cut we see the form of the stomach when 
moderately distended, its situation at the upper part of the 
abdomen, the mode in which the oesophagus terminates in it, 
forming wlat is called its cardiac* orifice, and its Qwn nar- 
rowing and termination in the duodenum, or first part of the 
mtestme, which is its i?^/onct orifice. We may ^Isp.^bserve 

♦ CarduwJ, next the heart; from x«^5/a, the heart; . '^' ' 

t Pyloric J from otuXtj, a gate, and ou^Of , a guardian , from the oldidca that 
this orifice acted like a porter, to prevent t^e passage of any thing fan^fpper into 
the intestines. . . . : i ).i*.ia 



tbe'^^rsater onrvatuic, wbiclr beijjg free, is tluown forward 
lAan the stomach is full, and as a large ortecy tuna altnig 
it3:»i%e^. any cutting instiumeiit entering the abdomenat thia 
time, woilld be peeuliwly dangerous, from the exposed aitu- 



BUmaob in rflu. 

The b«ui, MaUlned In lU own aao, tatmed tke ptricantium. 

The aorta, or great artery of the body. 

The right lung. 

The left lung. 

The stomach : of which c Is the oatdlao, juid p the pyloric eitnmCty. 

The RaU-bladder. fnm which we bob the duct thTcugh which the gall > 



imedi^lclj' Bftai dirldea, sending a 
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ation of this vessel. M. Larrey, indeed, mentions having seen 
a soldier, after dinner, receive, hy accident, a wound with the 
point of a sword, which, to all appearance, was of so little 
depth as not to excite any alarm. To his astonishment, how- 
ever, the man sunk with extreme rapidity, in spite of all 
attempts to rally him ; *and on opening him after death, the 
whole cavity of the abdomen was fonnd filled with blood, dis- 
charged from an opening in this vessel. When the stomach 
is empty, the great curvature hangs down, and the vessel is 
then quite out of the way of such an accident. The lesser 
curvature is above, running between the cardia and pylorus. 
The coats of the stomach may be reduced to three, whose 
office is distinct and well marked. Externally, it has a serons 
coat ; that is, the general serous lining of the abdomen folds 
itself over the stomach, in like manner as it envdopes the 
liver, the intestines, and all other contained parts having a 
certain power of motion amongst themselves. And this, it 
will be remembered, was before stated, as the general use of 
serous membranes, to afford a smooth and lubricated surface, 
by which neighbouring organs should glide freely one over the 
other. This, then, is the first coat; but besides enveloping 
the stomach, it is continued on beyond its greater curvature, 
and hangs down like an apron over the intestines, dividing 
itself on its return to contain between its folds the arch of the 
colon, or great intestine. This extension of the serous cover- 
ing is termed the omenttimy or caul. It is generally loaded with 
&t, but in the intervals presents its true appearance of a thin 
transparent membrane. Every one is fiuniliar with the use 
made of it by butchers in adorning the front of their lamb, 
Tval, and other young meats. A prolongation of this same 
coat towards the liver, is termed the lesser omentum. The 
second eoat is the muscular, which is perhaps best seen by in- 
flating the stomach, drying it, cutting it open, and then hold- 
ing it between you and the light. In this way, muscular 
&re& may be seen running along its ddes in great numbers, 
and a variety of directions. It has been usual to class them 



into three orders, the first of which are longitadmal^ or ran 
from the cardia along the sides and cttrvatures to the pylomff ; 
the second transverse, or cutting these at right angles ; while 
the third seem to wind ronnd in an irregalarly cylindrical 
manner, giving the stomach its peculiar yermicular motion^ 
while it depends for <sontraction in length and hreadth on the 
two former orders of fihres. The stomach, however, docs not 
£rom aH these receive a perfectly continuous investment ; it is 
rather a sort of surrounding network, in the intervals of which 
the other coats appear; and Doctor 
Knox and Sir David Brewster, having 
taken a part of a fresh stomach, ma- 
cerated it, placed it hetween two {^ates 
of glass, and in this position interposed 
it between them and the rays of a very 
bright sun, were enabled to perceive an 
arrangement of fihres around the inter- 
stices, of which this is a magnified re- 
presentation. 

We see here the longitudinal fihres, the transverse cutting 
them, and the irregularly cylindrical taking o£F the comen of 
the intercepted space, so as to present in miniature, what 
occurs on a lai^e scale in the camel's stomach, where, as we 
shall have occasion to see afterwards, those very little inter- 
stices become enlarged into the receptacles, by means of which 
it retains the supply of water necessary for its thirsty pilgrim- 
age. The fibres are found in greatest number about the two 
orifices, particularly the lower or pyloric. The pylons ier 
nothing more than a fold of the internal coat projecting into 
the stomach itself, or forming, as it were, a screen between it 
and the duodenum, perforated in the centre, and surrounded 
V a strong band of circular muscular fibres. This intenial 
coat is the last we have to consider. It is of greater sise ttei 
^y of the rest ; consequently, to accommodate itself to them^ 
18 folded up into a great number of wrinkles. It has been 
visual to deseribe it as famished with a number of fine p«o^ 




oiflite Btanlixlg ilp likt. /the. pile of:Yaltet> which wtiie tinned 
9Jtf»,i<i'°^^^''^^'^^ '^'^'^^ of viHws coat as applied to this* 
Moroiaoemafce obsetvation, however, has not proved the «xiat- 
^00 of these yilli, at least in the stomach ; we shail^ thenefore^ 
1106 the term mueous coat, which the secretion that constantly 
bedews it, renders sufficiently appropriate. 

These several coats are, of courae, connected by layers of 
oellnlar membrane, which some have, therefore, described as 
separate coats. That connecting the muscular with the in- 
ternal or mucous, has more particularly been designated as the 
nervous coat. The term, however, is calculated to lead to a 
false notion, nor is there anything so distinctive in this layer 
as to require a peculiar name. It is the seat of a great number 
of little glands, which pour their secretions into the stomach 
during the work of digestion. The branches of nerves and 
blood-vessels, with which the stomach is supplied in grest 
abundance, interweave themselves also in this situation, so as 
to make an inextricable net- work. Their final termination is in 
the inner coat of the stomach, which thus is vascular and fier« 
ifous in a yery high degree. It is from the extremity of the 
i^utest arteries that the gastric juice, so necessary in the 
YHffk of digestion, is suppose.d to be poured. Some, indeed, 
imagine a peculiar set of glands for its secretion, but without 
si^fiicient support from anatomy. 

.. Veocy different accounts have been given respecting the 
nature and appearance of this secretion, which may in some 
measure be accounted for by the difficulty of procuring it pure 
and unmixed with the mucous, salivary, and other secretions, 
generally existing along with it in the stomach. Its qualities 
sjiso would appear, from the experiments of Spallanzani, and 
some later by Magendie, to be altered by the nature of the 
ftod which it is required to digest. Thus the fbemer never« 
§QWi ii in the least acid in birds of prey, serpents, £rog8^ ov 
fishes. ; CcQws gave an acidulous gastric joice only when iH^, 
cp((rgiK^nt;.fand the same was the case in degs^. herbivarousi 
anim^lsy* aqd domestiio fowl, CanUvoioua; binds thl3ew;]ii]$i) 



pieseB'Of shell and coral without alteratkm, whidb, £rom thek 
chemioal composition, any acid would certainly haye acted on ; 
and Spallanzani himself, having swallowed certain caloareoufi 
substances in tubes perforated to admit the action of this juioe, 
found their weight and size remain unaltered as long as he 
used a purely animal diet ; but when he fed on vegetables and 
irait, a slight diminution was observable, as if they had been 
immersed in weak vinegar. The solvent power of the gastrio 
juice, then, is its first and most characteristic property. This 
power is so great in the dog, as to eqable its stomach to digest 
bones, extracting the animal and nutritive parts, and leaving 
tibe earthy residuum, from which the faeces acquire the well- 
known white and clayey appearance that, from the older 
chemists, gained them the absurd name of aHmm grascum. 

An apparently opposite power, yet equally well marked, is 
tkat of coagulation. This power has been well known for a 
great period of time, since the infusion of the stomach of the 
calf has been in all ages used to coagulate milk. For this 
purpose it is simply washed and dried, in which state it is 
found to preserve this quality. Dr. Fordyce states that six or 
seven grains of the inner coat of a calf's stomach thus treated, 
when infused in water, yielded a liquor that coagulated more 
than a hundred ounces of milk ; that is to say, more than six 
thousand times its own weight. Dr. Young relates, also, that 
having washed in water, and afterwards in a dilute alkaline 
solution, a similar part, he still found it capable of coagulating 
Hulk to a very considerable degree. It is evident how much 
we are dependent on this power during infancy, when the 
whole food taken being fluid, it should be absorbed all together, 
as swallowed, though much of it may be useless for nutrition, 
did not this power act, and throwing down in a solid form 
what is truly useful, afford that in a separate state to be acted 
on l^ the digestive functions. A third quality of this gastric 
jnie^ and the last we shall at present notice, is its anti* 
pitreseent power. Dr. Fordyce found that thfe most putrid 
iiyat, after remaining a short time in the stomach of a dog. 
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beeame peifectlj sweet. The jnices of maggota^ and jMiimft li y 
who live on meat in the last state of decay, are perfectly free 
j&om any putrid taint : and Spallanzani ascertained that the 
gastric juice of the dog will preserve yeal or mutton perfectly 
fresh, and without loss of weight, for thirty-seven days, at a 
time of year when the same meats, immersed in water, yielded 
an unpleasant smell on the seventh day, and by the thirtieth 
were in a state of the most offensive putridity. This pecufiar 
antiseptic property suggested the idea of applying it to wounds 
of a peculiarly bad and gangrenous disposition. The experi- 
ment was made by Jurine and Carminati, the latter of whom 
also used it internally, and, it would appear, with some suc- 
cess. From the close similarity of saliva, and the much greater 
facility with which it can be procured, M. Richerand was 
tempted to use that as a substitute. He had under his care a 
person with an obstinate sore on the inner ankle of his left leg. 
Notwithstanding the external application of powdered bark, 
and of compresses soaked in the most detergent fluids, the sore 
was improving very slowly, when he bethought himself of 
moistening it every morning with his saliva. From that time 
the patient evidently mended, and his wound, contracting 
^dly, at last became completely healed. 

We are now prepared to understand what takes place in the 
stomach on the arrival of the food there. During the progress 
cf the meal, the stomach appears nearly passive, yielding to 
the food, which, by its bulk, distends it. When, however, 
the process is complete, it begins to react. At first, a few 
i^ght and irregular contractions of the muscular fibres take 
place ; these, by degrees, increase in strength and regularity, 
until at last a well-marked vermicular motion is establiahed, 
contracting the stomach in all directions, and moving its c(m-> 
tents from the greater towards the lesser extremity. The 
gastric juice, the mucous, and other fluids, are in the mean 
while poured out plentifully into the cavity, and if the ^ood 
be in a short time examined, it will be found that a thin layer 
of it all round, where it is in contact with the coats of the 
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stomach, has become softened and mixed with the fluids. This 
is the first step towards disgestion, and this is an order which 
is always accnrately observed. At whatever period we make 
the examination, the change will be found greatest in the iK>od 
in contact with the stomach, and diminishing exactly in pro- 
portion as we recede from this. When the external layer is 
thus perfectly saturated, it is moved on by the muscular con- 
tractions of Ihe stomach towards the pylorus, while the next 
layer is presented to undergo the same process. If, before the 
d^iestion of a meal be complete, fresh food be introduced, it is 
always found placed perfectly distinct from the remains of the 
former. Thus Dr. Wilson Philip informs us, that in the 
stomachs of more than a hundred and thirty rabbits which he 
examined, and which had been killed at various stages of diges- 
tion, the old food was never mixed with the new, but invari- 
ably hiy next the coats of the stomach, containing the new in 
its centre, as if it were necessary that the former should be 
fully digested before the latter was commenced on. 

From the food being constantly moved on, we should, of 
course, expect to find that which was best digested in the vici- 
nity of the pylorus, and such is the case. And here it seems 
more fiiUy imbued with fluids, and more completely deprived 
of all distinguishing character, still, however, accurately ob- 
serving the rule, that the part near the circumference is more 
digested than that near the centre. In a healthy state, and 
when the food is such as to agree, this process goes on without 
the production of any air or gas. But when the stomach is 
weak and disordered, flatulence, sourness, and eructations, all 
attest the fiiilure of its powers. Rest is well known to be 
favourable to this process, though it by no means follows that 
a moderate degree of exertion interferes in persons of good 
health and vigour. Sir Busick Harwood took two pointers, as 
nearly as possible of equal strength. Having given them both 
a full mesJ, he left one at rest, and took the other out to beat 
the fields. At the end of two hours he had them both killed, 
and found, in the dog that had remained at home, all the iooA 
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^^fffmijkd^ that Is, put throngh the first stage of digestidn/iks we 
here ^described, while in the stomach of the other dog the food 
x^AYaiii^d almost as taken. 

i ' ' JVoni all which, we may see the wisdom of the old prOTert>; 
^ After dinn^ sit awhile." 

Buting digestion, both apertures of the stomach are closed ; 
the vital powers seem to leave the surface of the body and 
conceniifate themselves on the important work that is going on ; 
there is^ therefore, a slight chill on the surface, and after dinner 
ereiy one naturally draws round the fire. The length of time 
required to clear the stomach after a meal is, of course, ex- 
ti^mely various, being influenced by the nature of the food, 
the state of health, the quantity of mastication employed, and 
laoany other circumstances. However, as an average, we may 
say that a substantial meal is disposed of, by a healthy per- 
son, in four or five hours. This is a point to which persons 
troubled with indigestion should particularly attend, as it is 
dearly of importance that the stomach should be allowed to 
ele&r itself of one meal before it is called on to renew its func- 
tions by the presence of fresh food. We also see the impor- 
tance, to such persons, of using food that the stomach can 
dispose of nearly in the same time, as otherwise one ingredient 
of a meal might be quite digested and fit to be passed on when 
another was only beginning to be acted on by the gastric juice. 
Thus the stomach is distracted in its operations, having one 
part of its contents to pass on, and another to retain for fur- 
ther maceration. This is of so much importance, that Dr. 
Abercrombie declares he would almost disregard the quality of 
a dyspeptic patient^s food, provided it be of the same kind, 
and not of too great a quantity. 

The matter into which the food is changed by this first 
process, is a gray, uniform, pulpy mass, of a faiutish and 
slightly acidulous taste. Notwithstanding the powerfnlly 
solvent qualities of this fluid, it is well known to have no 
efiect on living bodies. Thus, certain worms live and thrive 
with impunity in our stomachs, and in sprisg time we find 
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thi§ whole Internal jsur£ace of ihe stomach of the horse loa(M 
-with the young of a certain kind of insects, termed by yocke^ 
** botts," which find this situation most suited for their gEOwAb^ 
aod hold to the internal membrane by means of two isharp 
hooks, with which they are furnished, imtil, haviog-got 
through their first or larva stage here, they let go their hold, 
and following the course of the alimentary passage, are brought 
into light towards the end of May or June, just as. they aoe 
ahout to undergo their transformation into a chrysalis* This 
peculiar property of living matter also senres to protect 
^he coats of the stomach itself from being acted on by this 
very powerful agent. When the property of which we speak 
no longer interferes, when life is suddenly withdrawn, and^ 
at the same time, a quantity of this fluid happens to be. just 
poured out, corrosion does take place, and, under such cireuni* 
stances, John Hunter first observed the singular fact of the 
stomach being dissolved in its own juices. That this is. not 
the result of disease, he concluded, from its occurring to hiik& 
first in a person who had been suddenly killed by a blow of ft 
poker, just after having eaten a very hearty meal. Upon opeiH 
ipg him he found the food partially digested : but the stomadi 
also was dissolved at its great end, and a great part of its ooilh 
tenta had escaped through the hole thus formed, and lay loose 
in the general cavity of the abdomen. 

In pursuing the inquiry, he examined the stomachs of a 
great immber of fishes, who may all be said to die violent 
deaths, and all up to the moment in perfect health, while from 
their rapacious disposition their stomachs are commonly ful). 
In these animals we see the progress of digestion most dis- 
tinctly ; for, their teeth being, as we have said, organs of pre^ 
hension^ not of mastication, they genially swallow their prey 
"lYhfOle, This prey is often another fish, larger, than theii^ 
s^iaijpacil;. can contain, and in such- cases the pe^ of.it which i)» 
^.the ;slipI^acj[|L i^ softened and digested, whUe the 3;e9t» which: 
i;en{ift|vsjjfl^ the oesophagus, is perfeetiy souad .aa4.U4t0UQhed», 
^4i?P4R7 >9)E..th4g^ Jjie found "that this dige3ti9g,i«urt,.of.<IJlM> 
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stomiuih WAS itself leducad to the same dissolTed state as tine 
digested parts of the food." The circumstance has saace been 
fioequently obserred, and it is found most constantly to occur 
in persons who have been killed suddenly, while in good 
healthy more particularly if it should be soon after a raeeL 
The habit of affording criminals (if they are inclined for it) a 
fuU meal just before execution, has afforded many opportujii- 
ties of repeating and verifying this observation. Doctor Wilsmi 
Philip, in his extensive and valuable experiments on ftnimiJa^ 
has not neglected to notice this £act. He says^ ^'This I have 
often observed in rabbits^ when they have been killed imme> 
diately after eating, and allowed to lie undisturbed for some 
time. On opening the abdomen, we have found the great end 
of the stomach soft, eaten through, sometimes altogether con- 
sumed, the food being only covered by the peritaneum^ or 
lying quite bare for an inch and a half in diameter, and part 
of the contiguous intestines, in the last case, also consumed, 
while the cabbage which the animal had just taken lay in the. 
centre of the stomach untouched, except on its surface." The 
reason of all this is now sufficiently obvious. The food taken 
just before death is the natural stimulus to the secretion of the 
gastric fluid. This is poured out in great quantity, and 
speedily saturates the superficial layer of food with which it is 
in contact. In the natural state of things, the muscular action 
of the stomach would have moved on this layer, and presented 
■another for the action of the digestive juices : but death has 
put an end to motion, and the gastric fluid, finding no fresh 
matter presented to it, turns ^ts action against the coats of the 
stomach, no longer possessed of that vitality which enabled 
them to resist its influence. Under these circumstances, they 
are corroded ; an irregular jagged hole is left, and the con- 
tents escape through it. 

That the motion of the stomach is in one uniform direction, 
is concluded from the appearances in the stomachs of animals 
covered with hair. In the calf, for instance, which licks its 
skin with its tongue, and then swallows the hairs thus da- 
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tached, htXLd of hairs sre constantly found in the cayity of the 
stomach. On examining these, the haixs are fonnd to lie in 
one imifonn direction ; those of each hemisphere seeming to 
arise from one conunon .centre, round which they assume a 
eiroolar arrangement, corresponding to what would appear to 
be the axis of motion. This regularity could not be produced 
if there was not a regular motion in the etomach. A reoooark- 
able opportunity of observing the motions of the human 
stomach occurred to M. Bicherand, in the wards of the 
Hopital de la Chants at P&ris. The patient, who was a female, 
had, several yeara before, by a fsdl against the threshold of a 
door, seyerely bruised the ^gustric region. This is the upper 
part of the abdomen, immediately below the breast-bone, and 
answers to what we generally torm the pit of the stomach. 
The part remained painful and discoloured for a long time, 
until one day, during a violent fit of vomiting, it burst, and 
some of the oontonts of the stomach were discharged through 
the rupture. The opening was at first very small, and would 
only suffer fluids to pass, but it gradually enlaiged, so that 
when she came into the hospital it was an inch and half in 
length, by an inch in breadth, and the solid food came away 
through it freely. *^ Three or four hours after a meal, an irre- 
sistible desire obliged her to take off the lint and compresses, 
by which the fistulous opening was covered, and to give vent 
to the food which her stomach might happen to contain. It 
came out rapidly, and there escaped at the same time a certain 
quantity of gases." She was unable to sleep until ehe had 
emptied her stomach, which she cleansed by swallowing a pint 
of infrision of camomile. In the morning, the stomach ap- 
peared of a vermilion colour, its surface wrinkled with folds, 
covered with mucus, and containing a small quantity of a ropy, 
frothy fluid, like saliva. The vermicular motion in this case 
was observed to have two directions ; the one natural, towards 
the pylorus ; and the other, which we may suppose peculiar 
to the circumstances of the disease, towards the fistulous open- 
ing. The poor woman lingered for some time in an emaciated 



^(mds^ei&9 mp^tted only By the small quantity of food which 
]NMiBdon to the pylorus. For though the absorbents of the 
•utOBCiaBh mif^t take up a certain portion of the food there, 
a&d eonvey it for the support of the body, yet it must needs 
bave been but very imperfect nutriment, not having as yet 
undeigone the action of the bile, the uses of which in digestion 
we shall have to mention afterwards. Yet, eren in this poor 
Woman^s case, suffering under this melancholy accident, was 
exemplified a most beautiful and careful provision for the pre- 
servation of life. To understand this, it is necessary to remark, 
ihat in its natural state the stomach is attached merely at its 
extremities ; in other respects it is a loose floating bag in the 
ti^ty of the abdomen. Now, if in this state an opening were 
made into it, its contents would be poured into this cavity, 
their presence there would excite violent inflammation, and 
death would follow in the course of a few hours. Why did 
not all this take place in the case of this poor woman ? Be- 
cause here nature (so to speak) had warning. The constitution 
found that an injury had been inflicted too great for it to re- 
pur. It was necessary that the part injured should die and be 
cut oflF. To avoid this was impossible ; the next thing, there- 
love, was to guard against its being the cause of further damage. 
For this purpose the external, or serouSy coat of the stomach 
which had shared in the injury became inflamed. The nature 
of Beit>us membranes when inflamed, is to throw out a thick 
glutinous matter, termed coagulable lymph. By means of this 
the stomach became adherent to the front of the abdomen, 
which we know is lined by a similar membrane : this, of 
course, having equally suffered, had equally assisted in the 
process. The stomach now, then, was no longer loose but at- 
tadied ; and when the injured part had sloughed away, yield- 
ing to the force of the effort in vomiting, a direct opening t^^as 
laft between the stomach and the external ^r,'the parts aroiind 
iei^were found to have grown together, and ho furthfer lA^Srvr' 
afbse'from l9ie discharge of its contents^ thkrf'tliat consequent 
Mithefr to« tweedy departure ftola the^steih.' '"^ ''* "* ^'"'^' 



[There is only one oase on xecoid(^.pea;f<icijre<Myvei^l|H9^ 
ing ttn extenial wound of the stomacliy the opening renjniaiflig 
unclosed. Alexis St. Martin^ a young Canadian of Fxeneh 
descent^ while engaged in the service of the CoDadiaa iPiur 
Company, in 1822, was accidentally wounded in the i^de b]r 
the discharge of a musket. Br. Beaumont, to whom we oiie 
all the £acts connected with the case, saw the man half an hour 
after the accident. He found all the coats of the stomach toiii 
through ; and the food, which had heen taken for break&st^ 
pouring out through an orifice laige enough to admit the f(»»» 
finger. So complete was the recoyery that, in the course of a 
few months, a natural valve had formed, which entirely pvar 
rented any efflux from within, but admitted of bemg easUy 
pushed back by the finger from without. Here then, for the 
first time, were all the processes of healthy digestion imyeiled; 
and Dr. Beaumont spent 700/., during eleyen years of observa*' 
tion, in supporting and experimenting upon St. Martiiu Qe 
fouiid that the gastric juice does not continue to be secreted 
during the intervals of digestion ; not accumulating, as had 
been previously supposed, to be ready for acting upon th« 
next meal : that the quantity of the gastric juice is always in 
proportion to the quantity of aliment naturally required by tiie 
system ; and that if an excess of food be taken there wiH be A 
deficiency of gastric secretion to digest it : that exciting and 
depressing passions produce a visible alteration in the villous 
coat of the stomach— that tissue now becoming red and dry, 
and, at another time, pale and moist : that bodily excesses are 
followed by parallel effects : that in fever no gastric juice k 
secreted, &c. &c. Of a number of inferences drawn by Dr. 
Copland from these and other experiments, the following are 
of moat general interest : — I. That the gastric juice is a dear 
transparent fluid, without odour, a little salt, and perceptibly 
acid. 2. That this juice is secreted by distinct vessels, d. That 
it is never found firee in the stomach, but is always excited to 
di8chai]ge itself by food or other irritants. 4» That it is modi- 
fied ia quantity, «nd, probably in its intimate nature, by the 

e 



88f moBSTsoR. 

qnaniity and nature of tlte food. 5. Thai aoHd fi>od is mmer 
of digestion tiian flnid ; animal than yegetable ; teinaceoiia 
than o<iher kinda of vegetable food. 6. That thaecmtinnednaa 
of qpiritB ^iBOffs cauaes oxgaaic diKaae of the atoniadi ; asod^ 
laaHy, thai the quantity of food genenlfy takan iamore tban 
the wants of the syatem ieqniie*3 

We have used the term ^^natuxe** above in eompHaoaoe 
ivith oommon oustom, hnt all our readers musfe hare felt hew 
uttcffly inexpressiye is snoh a term. What is natutet, or miiat 
is- the eonstitution, but the resolt of general lawa^ prcH^rdalMd 
by a Being, wiae as be is beneficent, who, in the midstof jndg^ 
ment, remembers mercy, whose tender care is over aU h» 
works? Who but He could provide not only for the mam* 
tenasice of the body in health, but for its reparation in diaeaae? 
And how beautifiilly is the law suited to the arrangement I 
Serous membranes whosi inflamed adhere ; mucous membranes 
when inflamed ulcerate^ Now, had the serous membrane been 
made internal, and tbe mucous external, of the coats of the 
stomach ; or had the serous been placed in the centre, and sur- 
rounded by the muscular fibres ; or had it not found anoth^ 
8e:rou8 membrane opposite it lining the abdomen ; in shwt, had 
any arrangement but the present subsisted, the law would have 
been useless, and death would have been inevitable. The ex<> 
quiaite pleasure with which an humble admirer of the ways of 
Providence contemplates a provision so wise, so simply beaiiti» 
fol, so full of tender forecdght, is worth years of philoaophie 
scepticism and heartless unbelief. 

When the motion of which we have been speaking is in^ 
verted, vomiting results. In this case, the muscular fifbies 
contract from the pylorus towards the (ssophagus, so that the 
food, in place of being moved oP through the former^ is xe* 
turned by the latter. It would a|^[>car, however, that the mua^ 
cular fibres of the stomach are not <tf themselves sufficient to 
overcome the renstanoe ofiBned by the circular fibres whieb ' 
close the cesopbagus, but require to be assisted by the di«*i 
phxagmi (vepxeseiitod in our cat> letter ij and the estttnat^ 
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mosdcs ti ihe Adamnm . That in ondinavy vomitk^, wadi ■ 
n—i«tMifw k afibvded^ •veiy 000*8 xeeolleetiMi of ]iis own«spe* 
lieace on snoh oocanoii% may afford saffioiant pioof ; or ooidar 
denuRistratiaa of ihe Tioleiit action of the aMominal nraadttt 
laay bo had by noticing^ a dog or oafc when sick. But mat etm^ 
tented with ihis^ iome physiologistB havo reaovted to the immi 
expenment of eotiing sway l&ese ittuael6% and then giru^iha 
anhnal an emetioy and oboerring^ ita fraiUesa effi^rta^ vndei aaoh 
dnsnmstaDoeSy to disehaige its atomaehy an dbet that waa. 
inuae^ately prodnoed when they subatitnted piessore witk 
their hand for the action of tho pails remoTod* Sone hayo. 
advBEnced that the Btomach is quite passiTe in mnnitiag) and 
that the act wholly depends on the preflsnze exeroiaed by thoaa 
othior parts. Bnt this doctrine goes too §ary though M« Magwi* 
die endeavoured to prove it by the singolar experiment of 
removing the stomach from a large dogv substituting £ar ii a* 
bladder^ which he attached to the oesophagus^ and the^i having' 
excited vomiting by the injection of tartar emetic into the veins^ 
he showed that the abdominal muscles and diaphragm were able 
to discharge the contents of the bladder as if it had been a real 
stomach. But the experiment was evidently £Gdlaoio«s. The 
stomaoii is^ by its vital power, capable of resisting the effedaof 
such pressure, otherwise it would be discharged every time wo 
made a strong effort and held in our breath, or every time thafe 
a sailor laid Himself across a yard-arm. Bnt there are certaini 
muscailar fibres which, embracing like a running-string' the 
termination of the (esophagus, dose it under <»dinary eirornn- 
stances, and prevent the backward passage of anything through 
it. These fibres were evidently cut away in M. Magendie^s 
experiment, therefore the peculiar action of the stomach, neoea* 
sary to overcome tiieir renstanoe, was not required, ao that ha 
oiady proved, what every one will allow, that if you squeeao » 
bladder^ into the neck of which you have inserted an opeib 
tufae^ ibs contents w£kl be discharged through iMs tube. Bvh 
this: is. evidently not the situation of the human stoinaflla/* 
Tbiliad.QccasipB to notice, in speaking of awattowing^ ib^* . 

G 2 
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liiciand by wMch the food was pievented getting into the yni^r 
pipe, or fhe back of the nostrils, where they open into the 
pharynx. It is evident these provisions only answer for the 
downward progress of the food ; on its return they are of no 
manner of use. The most important danger, therefore, that of 
the matters vomited getting into the windpipe, is guarded against 
by peisons always making a very full inspiration previous to 
the act of vomiting, and coughing immediately afterwards, so 
as to dislodge any irritating substance that may be lodged about 
the upper part of the throat. The full inspiration is also 
of use in pushing down the diaphragm, (see plate,) which is 
thus made to press more forcibly on the stomach. The other 
circumstance is not of so much consequence, and no provision 
seems made against it, so that we often see part of the fluids 
ejected pass through the nose. The causes of vomiting. Dr. 
Bostock reduces to three classes : 1. Irritating matters acting 
directly on the stomach itself ; 2. Irritations applied to other 
parts with which the stomach sympathizes ; and, 3. Mental 
impressions, the effect of which depends, in a great measure, 
on association, and affords one of the most frequent illustrations 
of the influence of mind on body. Under the first of these 
heads, all emetics, undigested food, and such like matters, will 
come. The second is more curious, and affords many exempt- 
flcations of what we term sympathy. Thus^ wounds on the 
head generally produce nckness of stomach. Dr. Wollaston 
refers sea-sickness to an accumulation of blood on the brain, 
caused by the descending motion of the vessel ; and M. Saus- 
sure, in his Vojfoffes dans leg AlpeSy reports that many of his 
companions were seized with nausea and vomiting as soon as 
they had reached a certaui height ; where, from the increased 
rarity of the atmosphere, it has been supposed that the circu- 
lation of the brain must also have been affected, [Sea-sickness 
has not been satisfactorily referred to any one cause ; and, al- 
though various hypotheses have been advanced, the evidence of 
facts still remains of a negative character. It does not depend 
upbn the confused impressioDs conveyed to tbe bn^n i}h|pf|^h 
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the medium of the eye, because the blind are sick at sea ; nor 
upon the eontinaal motion of the contents of the stomachy for 
neither abstinence nor repletion ayail; nor upon fear, for 
Nelson was confined to his berth for several days by this affec- 
tion, and Sir John Franklin was never able to take the com- 
mand of his ship until he had passed the Bay of Biscay ; nor 
upon an accumulation of blood upon the brain, as in Wollas- 
ton's theory, because the recumbent position is a source of 
relief. And, as regards the external cause, the descending 
motion of the vessel cannot be assigned as it, for old seamen 
who were not sick in their ship have been known to suffer 
after rowing in a smaU boat for several hours ; and the writer 
has observed that the motion that accompanied a head stoeU 
without wind afiects the stomach sooner than any other ; he 
has seen nearly aU the crew refuse food after a contmuance of 
this motion, and has himself suffered after having been quite 
well during a previous fortnight of bad weather. To tmder- 
stand this motion, the centre of gravity of the ship may be 
supposed to be continually describing a figure of eight side- 
ways, without progression, thus, oo. A more accurate ob- 
servation of the relations between the nature of the motion 
and its proportional effect upon the stonuich might lead, per- 
haps, to more positive results.] The third dass, including all 
cases of sickness arising from diefgust, unpleasant recollections, 
terror, and other such causes, is also of extreme interest, but 
would require a chapter, rather than a paragraph, did our 
liniits allow of it. 

There is another species of inverted motion to which we 
must now proceed, and which leads us to some very curious 
provisions in the animal oeconomy. This is Rumination, 
Some men have been known to possess the power of bringing 
up their food after it had been swallowed, and submitting it a 
Second time to the process of chewing. In a case of this kind> 
U^iil^dtled 'by SirEv^rard Home, the individual swallowed his 
fdiid vbttidoilsly, and without chewing. About a quartejir of 
'aii^iJdr'lEilb^r tbe meed -vrBS termioiajte^ het used .to hsvp^ . «{i|i a 
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SBfoxaei imoi tbe stomach by a slight effort. This was oh«wed 
and swallowed, and after a litde intenraly another was bioii^t 
up, and underwent the same process. Blumenback mentioiis 
that he knew fcur men posseaaed of this power. They all 
aanuned him that they had a real enjoyment in dmng it ; and 
in two of ihem it was pecfo^y roluitaryy so that they conld 
abstain from doing it at pleasure. Unmination, however, is 
much more perfect in some other animals, and the appatatas 
of stomachs prepared for its performance is both singular and 
beaatifal. The final cause why certain animals ruminate 
seems not y^ fiilly ascertuned. Aristotle, ingenious aven in 
his mistakes, having observed that the ruminants best known 
to him, such as the deer, the cow, the goat, were pzovidad 
with horns, but wanted the incisor teeth of the upper jaw, 
suggested that the materials of the latter were em^oyed in 
foerming the former, and the want of the oigans thus dsfectire 
was supplied by such an a^pparatus of stomachs as should send 
the food up for second mastication* But we cannot admit this 
saoda of reasoDing, as it is evident such a provision would 
lathar remedy a deficiency of grinder than of incisor taeth. 
JWther observation also has shown his &cts not to be so uni- 
varsal as he had supposed. The llama has two incisor teeth 
in its upper jaw, yet has aU tha appantus for mminatioai, 
whiia the dephant^ which has none, maai^^ to digest without 
this prooeas. & £v«rard Home took much pains to show 
ikfB,% during digestion, the stomach of man, and generally of 
carnivorous animals, divided itself by a contraction of t^ie 
BCLuaoles into two <cavities ; the one, towards the left aide, or 
the entrance of the gullet ; the oth«r towaxds iho righ^ or the 
pawage into the intestines*. This he teimed the kout-^^lass 

* How far this opinion is oon«ct seems 3«t ratber undetenniaed. It vas 
advanced before Sir G. Home's time, by Haller and Ck)wper : it is admitted by 
lfMk«l, and defended by Boskrak. Bnl at tlid Um» Sir fir Bone eteted il, lim 
aittoked by J>t» Macartney, in tfiat inost exoeUmt articflA Maiosalia, Bees's 
Cyclopcedia: and his views have received much support from the late ofs^rva- 
li*uof MM»TledemftimaiidOiiieUii,C6lebi»«edOeaiiaMFIijBi0l^^ • 



» I 



ocntnotion, fiDm ila dividing the Btomach sanewiuit in this 
Aafe. 



^Ttt fint of these rarities he names eardiae, &«m its <ri- 
cinitj to the heart ; the second, pjihrie, from ita fUaaity to 
the pj'loroB. 

Ifow this contraction, vrUoh is onljr tempoiarf in man and 
camiTorooH animals, beeoming permanoit in others, as tfae 
bearer, the hare, the rat, forms the first step toftard* the pai^ 
jSsot dlTision obscrred in laminating aaimals, in which thera 
am actually fom distinot ttomaehi. In fiuther examinini; this 
laMm, he ascertained that tba liquids an in a great mctBale 
oonftnad to the cardiao cftrity , and absorbed from that when in 
too gnat abnndance. The solid food fresd from these is thso 
paned on to the pyloric exbemity, where it is generally tvuA 
drier and more redncad to the stat« of that pnlpy mass termed 
a^nM. Hus, he observes, shows how the process of digestitm 
xtty go on in the stomaobs of men who drink after dinmsr 
sertottl quarts of different liquors, A wsaknen, also, tf tboM 
mnacles, rndsring than unable to contract e£FeotuaUy, would 
MNOnnt for the inconrenienca Bufiered by maqy pwaoBs sAo(«d 



-^iffe iri«g€»ttefl,'<rt)itf using eten a irioaeratfe' quantity' of yrfnk 
fiM'fiieS^"M<«b. ' Ls i!h!teh eaiie the liquid wotild B|iread itself 
Qi^)r<iitt[|(airtibo!f tk^^ihachywhidi would tHUd be pre^ented^ 
M& tt^thilg^ pl^perly >(m its solid ieonteHts.* Ad 8<vme aiit^nlsy 
in whom this contraction is pennanent tuminate Oteeasiomdly^ 
^strtiiiUlarty -^hen fed on harder food than ordinatty^ this ihay 
^k us some idea of the mode in which this same drcumsta&de 
o<scurji^ in those men of whom we hare spoken aboT«. hk 
th!e hoise^and the ass the division of the stomach is rendey<sd 
jety clear by the cardiac portion being lined with' a regiilar 
cutide^ while the pyloric presents the proper villous surfiioe* 
The' cardiac portion is here, then, evidently but a receptacle' in 
Wfdch the food undergoes a sort of previous maceration and 
softening before it is passed on to be digested in the latter. 
This cuticular lining is also found in part of the stomach of 
ihie kangaroo, which combines in itself this provision, with the 
6iCrdiac prolongations, or pouches, such as occur in the hog', or 
the elephant, and a complexity approaching nearly to what we 
S^e hi the ruminants. Under certain circumstances, kangaroos 
di> ruminate. Sir Joseph Banks, who had several of these 
animals in his possession, found this to be the case when they 
Were fed on hard food. It is not, however, their ordinary 
hiabit, as those which were so long kept at Exeter 'Change 
were neveir detected in the act. 

We have now arrived at the ruminating animals, in whom 
the complexity of the digestive organs has reached its utmost. 
In the ox, the food, when swallowed, descends first into a large 
cavity, termed the paunch, and the animal generally continues 
to oat until this cavity is quite full. The food here, under the 
influence of heat and moisture, suffers a sort of maceration ; 
and as the drink is contained not in this, but in the second 
stomach, fermentation occasionally occurs here, when a large 
^antity* of green food, such as clovi^, rich grass, oT' otlter 
J^oung vegetables has been taken in. In such cases much air 
is idisengaged, and the animal swells up enormoufily^.. the 
paunch pressing on all the other organs, so as not'unfbeig^tientiy 
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Jt Ha, generally m tiiis siomacih ttiat thpae baii!n)>aU% a^ 
wbieb Wtt 9p<^. before^ oacu?« Similar balU made o£ tb»; 
fibres of pl^^ta are also found; and the bezoar% ono^ so* 
&ia<m8»is now known to be nothing more thana«tony co^ 
oretioQ found in the first or aecond stomach of the wild, gpaty 
mU^iOfej- and other similar animals. The second stomach 
oommunicates so freely with this first, that were it not for.it?^ 
diffenence of structure it might be conadered as forming, pairj^ 
of it. It is known under the name of the hofu^^c&mb^ whi^h. 
well describes its appearance, and is situated like a shelf witl4? 
the first* The drink descends into this, by which it is enable 
to moisten the food as it receives it from the paunch, and ,so, 
mouLd ijb into little pellets, suitable to be sent up through thjei 
gullet f49r the process of a sound chewing. This regurgitatigip. 
is £Bioilitated by the mode in which the gullet terminates. It^ 
aifena just at the junction of the first and second stomachs, so 
that on its l^ft side it discharges into the former, while at \i^ 
light it receives from the latter. But the most curious provit 
fiion is, the double muscular band which is continued from it^ 
S9;tiemity to the opening of the third stomach, which opening 
it bwgs forward close to the termination of the gullet^ when 

* The bezoar was long supposed to hare most powerful virtues as an antidote 
in cases of poisoning. Its use extended until it came to be looked on as a remedy 
lor aliDost cvesry disease ; but it proved unequal to its high oharaoter, and from 
haying been extolled as good for everything, is now neglected as good for nothing. 
The Qrst person by whom it was mentioned was Avenzoar, an Arabian physician, 
and hte aoManb of It was aaflBoieiiUj aanwiog. He aayt that the stags of hto 
oonntry were very food of eating serpents : this propensity, however, subjected 
them to the danger of being poisoned, to guard agi^st which, as soon as their 
XefaatWMBfljdshed, they useA to ran into the water until up to their nose: hen 
t^y used to stand qntU the effect^ of the poison worked off, by means of a 
humour that oozed from their eyes, which gradually hardening and becoming 
ceiigulaifetf, Mrmed>the l^feoaiHrtone. This* when quite hud, wm thiown off M7 

V^ffi^ f^V¥^ ¥ii>^ <^9»|n^ 
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Hit nmrsel » to be tiTallowed a second time, lo^rming itself, 
also, at the same time, into a tube, so as to prevent any poitiom 
M6a{ring into either of the other two cavities*. As long as the 
animal la fed on milk only, this band is constootiy folded in 
like a tube, leading from the end of the gullet to the third and 
fourth stomach. The two first cavities are, at thb period, 
closed up, for, not poasesedng any proper gastric jnice^ they 
have no power of coagulating milk, which we have above 
shown is the first step towards its digestion. This powvr, 
however, is possessed in the highest degree by the fomth 
stomach, into which, therefore, the mUk is directly earned; 
and while the animal continues on this food there is no rumi- 
nation. But as soon as solid food begins to be swallowed, it 
forces op^, as it were, the sides of the tube at the end of the 
gullet, escapes into the cavity of the first stomach, which then 
<)eittmences its duty, and thenceforth the animal ruminates. 

It is scarcely necessary to draw attention to so veiy obvious 
aa instance of prospective design. The young anioial is foos 
aished with two additional stomachs, of no use to it in eady 
life, but which become necessary as it advances tow&ids 
maturity. We may, however, learn from it to be caatloiis 
how we deny that a part con have use, because we do not im- 
mediately perceive it. 

The third stomach, which is the nnallesty is termed mm^ 
pi99By from the multitude of folds made by its inner mem- 
brane, which lying one over another, like the leaves of a beok^ 
have also procured for it the name of book-tripe. Between 
these folds the food sent down after the second mastication is 
made to passi and as they take a semi-ciicular directioBi Us 
stay in this cavity is prolonged as much as possible. The 
xramber of these folds, or leaves, is about forty in the dieep^ 
and one hundred in the ox. Tb&B opens directly into the 
fourth stomaeh, which is the true digesting stomadi, funiidied 

» M. FUmraM, vlio hm opened tbe itomadht of rtmos Uritis Aeep idifla 
-digestion whs going on,gitMa8oi&«fWliat different Moonnt of this part of fshe 
process. His views will l)e found in the Anntikt 4u BeUmett NakirMei. 



with A villettB ooo^ i?Hb soiroat gaftirie juice^ and •tii* otimr 
neoonaty «cG<»inpaniin«xita. 

So fttr we may be consideied as deseribifig the digartive 
i^j^ciatiiSy not oidy of the ox, but of the ttkebpp gooi, tieer^ 
and all mmiiiaiita wiib bona. A still more complicated 
stmctuxe ocenis in the camel, dromedaiy, and Uama, whioh 
aie wiihoiit boms. The most accurate accomits we have of 
this are, perhaps, Cuvier's examination of the stomachs of a 
Ikma^ and Sir Everard Home's of those of a cameL We 
ahfkU rather extract &om the latter, inasmuch as the habits of 
the animal are better known, and also, because Sir E. Home 
had the advantage of examining a full-grown animal, while 
Cavier^s was only in its foetal state* The differences^ however, 
were really very trifling. ^ 

In 1805 the cnratons of the Hunterian Museum at tiie 
London College of Surgeons had an opportunity of purobasti^ 
a eamel, which was in a dying state. They gladly availed 
thamselves of the opportunity tkos afforded of furthering our 
acquaintance with the peculiarities of its structure, which we 
only had an opportunity of learning before through the 
mediiim fd a dried preparation made by Mr. Hunter. 

They appointed Sir £. Home, as professor of comparative 
anatomy to the cdlege, and some other gentlemen, to exaaune 
»d report on the appearances found on dissection, 

13ie camel, the suliject of the following observations, was 
a fenale, brought from Arabia^ tweniy-^ight yeazs old, and 
MtidtoJiave been twenty years in England* Its height was 
MTen feet from the groimd to the tip of the anterior hump. 

At the time it was purchased it was so weak as to be hardly 
^le to stand* It got up with difficulty, and almost imme- 
cUatdiy knelt downagain* By being kept warm and well &dy 
itieeoyered so &r as to be able to walk, but was exceedingly 
iD&m on its feet* It drank regularly every second d^y six or 
senn gallons of water, but r^sed to drink in the intervening 
period. It took the water slowly^ and by mouthfuls^ until it 
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had dolie. The qmartity 'of food it eonstoned' daily m^ : one 
pecJc of oeASy <me of chaff, and one-thiid of a trass of liay* 

In the beginniiig of Febraary, 1806, it began to shed its 
eoat, and cold wiiidB coming on in Mardiy it soffered mnch^ te» 
fused its food, and was reduced to an extreme state of debility. 
In ihis state it was thought advisable to put an end to its 
misery ; and it occurred to the committee that if this was 
done soon after it had drunk a quantity of water, the real 
state of the stomach, that adapts it for its traveb in the desert, 
might be ascertained. On the second of April, by giving the 
animal hay, mixed with a little salt, it was induced to drink 
three gallons of water, not having taken any the three pre- 
ceding days, nor shown the least inclination to do so. 

Three hours after drinking, its head was fixed to a beam, to 
prevent the body falling after death ; it being an object to 
examine the intestines with as little disturbance from their 
natural situation as possible. In this situation it was imine* 
diately killed, by dividing the spinal marrow close to the head 
With a sharp double-edged poniard. In two hours the cavities 
of- the chest and abdomen were laid open. 

The first stomach, or patmch, was the only part of iht 
(Contents of the abdomen that appeared in view. Towaidd the 
left side it was quite smooth, but towards the right it was 
irregular, and wrinkled in such a manner, as to show that 
there was a collection of cells at that place. It was evident 
to the feeling, that these cells contained air, but no part of ih^ 
solid food with which the general cavity was distended.. More 
cella Were noticed in the posterior and lower part of theoavi^ 
and these felt as if filled with fluid. To ascertain this, an 
"O^peidng was made, and about a pint of water, of a yelbwiak 
>^bui','but unmixed with any solid matt^ fiowed'but.>'< "../« 
' ' "^e fitst cavity was now oarefiilly h&d op^a onrihdkft 
Md^j to'lrvoid interfiling with these 'cellA, ted' theifielidiiEQife- 
telittf #<si^ 'all removed. It was then obB6l^y^^hatt^th»>ffMer 
i^imt^i^ itt'the celb'of th« s^ond^OM^tyi^w^^jqriiiteiiaiBt, 



wMIflpiiiaiiiitthfi ceUs* o£ the &t8t was tmged bjr Its solid' ocni 
ientsu < No part' of the solid Ibody hoiwerery had eBtaved • thesf 
eeUby'iiOP waB.aaj( of it fotind i^all in the asoond oavityi :i4iiese 
csrities ^ving! their ori&aes so constmicted aa^to preveskt • th« 
food ftcrm- entering theiXL, even when empty. .. . it 

-' Oil' measuring the capacities of these different ceserroirsiiji 
the dead hody^ they were as follows : , • , i r 

•Tiie anterior cells of the £rst cavity weire capahla of /war 
tasning one quart of water when poured into them ; the pes- 
teodoz cells, three quarts. One of the largest oellaheld ahout 
a vinerglass full : and the cells of the second cavity about four 
quiirts. This, however, must be considered as much s^ort of 
what these- cavities can contain in the living animal, since there 
are loige muscles covering the bottom of the cellular structure 
to force out the water, which must have been contracted .imnQ^ 
diately after death, and by that means had diminished the eayir 
^9s^ By this examination it was proved, in the most satisl^^ 
tery manner, that the camel, when it drinks, conducts the 
water in a pure state into the second cavity ; that part o£ it 
is retained there,' and the rest runs over into the cellular strc|Cr 
tiire of the firsts acquiring a yellow colour in its course. 

This confirms the account given by BufFon, in his examir 
iiation of the camel's stomach, as well as that of travellei^^, 
w&o state that when a camel dies in the desert, they open the 
atomaoh and take out the water that is contained in it to 
quench their thirst. 

It a^ears singular, that after this fact was so clearly de- 
moBstfated, and so explicitly stated, M. Budolphi, a conti- 
nentai physiologist of great distinction, should advance the apj- 
idoa that the liquid found in the cells of the camels stomafsh 
was not ihe water swallowed, but a certain wateiy secretion 
anadeifrom Ahe sides of the stomach; and that on no better 
gvoniida'than that he believed such to be the case yi.a plaut 
\ifepmiiihe8idv^iUatotia\ in ce^n receptacles of which a like 
^mfceiymyttteiB'iS'lfojund.!! Itonlyshowa th^t ingex^QOS'^mw 
sometimes take great pains to go wrong, and that the labours 



of oat Eng^uili phjilologiatB are not mfficimtly studied «r 
appnaatei by ibur contiiieKtal bretliren. 

Th«t tbi Moond caTity in ths oamd omtaiiMd wabar^ 
had hnn generaU^ knora ; but by what meooa Um watar 
was kept BepsToted from the food, w m ta b« nffieienlly 
pure for drinking, h»d not been aMertoined. NMther 
was it known, as the second cavity waa evidently vieatfy a 
raeeptada for Uqnide, by what means the offices of the aecmd 
cavity in homed rmnfatating »iiii»ftln were provided for. T^ieaa 
offices, it will be Kmembered, were to receive the food afier it 
had been tnaoerated in ths first stomach, to snpply it with 
moisture, and mould it into pelleU fit to be sent np throng^ the 
gnllet for s second chewing. A view of the first stoma^ aait 
appeared when lud open, will ex^ain tliMe pranta. 



Pint stonuidi of ths CbbUI, loistberwith opaDiDgof KcoIldStl>llISllIl■ 
How in this ont We observe, that from the tenninatliMi of A> 
the gullet, ran two strong muscolar bonds; the one of which, 
B, is ramtiniMd ^nito across the paanch, making a sort «S 
partial, divisicii, while the other, c, runs only «a fiu at tin 
opening of tba ascMid stomach, sy and turning aboiit t» tha 
i^t, peases ttuouglt its nppw part, and teniuiutea.:ati Um 



ofomg o£ the. third stomscb. Bejwnd the apet&ag at the 
eeoond (toniaeh, we obiMTe a eevtain nvmher of Iibmbtstw 
mwtular baads nuuiing firom the gmi longibidina] ridge, n, 
aodgndoaUy loaing themjMlrQs oa the mdee of the etenoeii. 
The? Ire cKweed by others so OH to fgrm thesiMlree into ceU^ 
each espobla of admitting water, and, hy oaatnetinf tboir 
oiifiow^ of prerentii^ the estmoce of solid food. Smilar a^§^ 
btt Haalkr, oie obwrred at k, the right side of the <»¥ity. 
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The Btmctuie of the Mcond stomach is alao of this ceiliUor 
nature^ except a smooth passage on ita upper part^ continued 
along tho ride of the mntcle c, and aasigting it in conveying the 
food to the orifice of the tlurd. It ia dear, then, that food 
coffiing along the gullet will, when matters remain aa at pre- 
sent^ drop into tltegte^ first oavity. ButthemiudesBBndc, 
bfing tmder the eomnund of the will, the siumal, whoa it 
dBJnfciy cau oanse them to coatnot towards each other, by 
whkli maans the oanal between them ia nanowod and eon- 
' iam tube, that eeoTeys the liquw direot &xaa 



ih»eetti ^f this cwdt j- ai« Ml, tlie nilmiB off l!rt»4heMik 
F of the fint easnty immediately below, and afterwards into 
the general cavity. W^ 9ie ll»w prepaM to answer the 
question. How is the food prepared for regnigitation? When 
first swallowed, it i& received in the smooth part of the paimch ; 
fiiom thb it is gradually transferred, after macersiiony &c^ to 
the cellular part at f. Here it is supplied from the cells with 
the necessaiy moisture, formed into pellets, and being situated 
exactly at the bottom of the canal b c, is by a slight muscular 
effort thrown into it, and thence conveyed along the gullet up 
to the mouth. We also see, that when these cells are empty, 
they can readily receive a fresh supply from the second 
stomach, which is situated just over them ; and this explains 
the mechanism that enables the camel at one time to take in 
water enough for several meals, to supply it to each at the 
required time, and in just proportions, and to preserve it pure 
mad unmixed with its food, imtil the necessity calls for it. But 
we have not yet seen all the uses of our muscular bands. The 
food is in the mouth ; it has undergone its second masticaiioB» 
aid is now to be swallowed again. The bands contract them- 
selves into a tube, but c contracts also in its length. By fids 
it draws forward the opening of the third stomach, e, into the 
aeoond, h, closes the muscular bands that separate the ceUa in 
tills latter and enables the morsel to pass over them into tlH 
third, which in the camel being very small, soon transmits it 
into the fourth, d^ where digestion finally takes place. 

The only thing that now remains to be observed respectiiig 
this, is the nature and structure of the cells ; and Mr. Qift's 
very excellent sketch leaves us nothing to desire on this polBt 

Here a represents part of the long muscular ri^ that ti»» 
'veoKB the entire stomach; b the transverse muscular bands 
that nm firom it, and whidli, bdng cut at right angles by oUrar 
bandfl^ form the oellulair cavities. It is evident, that 1^'ih« 
«ontoeti<« the mouth of the cells would be cloae^ wldki ill* 
of tha nraaenlar fibres whidi wa pereem rvamag 
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more paTticularlj wish to draw attention b) the close nnuhri^ 
Dfaoerrable between this and the magnified view of the mode 
in which the muscular fibres of the human stomach intenao^ 
as ahowD at page 71. 

This illustrates an obserTation often made, and wMc^ 
indeed, there ore many things tending to confirm, tIe^ that 
elsesea of ammala seem framed afler a certain model or derign, 
eertciii parts of which are developed in some ^)eci«s,Bndtlwiw- 
mft'"'"g parts in othera ; the mdimenta, however, of all thaae 
partaare to be found in all the animala of the class, evoa wham 
we cannot conceive their existence to be of any possiUe uae, 
except as diowing the type. 

This doctsine, though ingenioos and probable, is by BO 
mtanii aiqiported on a sufficient number of observed bctB^ to 
an^Ue it aa yet to rank as an established general truth. It 
will immediately recall to the recollectiou of the iliMiiml 
wader SocraW doctrine of Arekefypti, more feiUy dilated o> 
if Plato; and it ia enfficiently intsreating to observe how a 
troth haa bean at vemote perieda almost readied by Hit-mijt 
af kBffvladgtt, Mid tfaen laid Ibr c«Btiinea.ia tba dtmSmwfti 
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ignoxwwo ; liaw Hippecittte obflanzdy pmpofimds die. dociim^ 
^m^MomutnticiaQi wbich. faaa inunoitaiiMdHarfoy, attd lunr* 
a. passage in Seowa has seemed to maay almost prophetio of 
tine* disco venes o£ Qokanbus * . 

On a conqnrahfiiiawe view^ thei^. of laha stoBuefift of the ox 
and the camal, it appean that in the ox tbexe are three 
stomachs formed, far the preparBtian. of. Hie food^ a&d one for 
its digestion., In the oanwl there is. one oanrity fitted to answer 
the purposes of the £bnt two in the ox; a aaoond employed as 
a reserroir for watos, having nothing todo with the preparation 
of the food; & thixd^ so* snuill and ample in its stBioture, that 
we can scarcely attnbute to it any partlcnlac office^ except as 
a sort of ante^chamber to the^ourth^ which is the true stomach, 
and that in ^irhich digestion takes place. 

In the stomachs of raminating animab, the processes which 
the food undergoes before it is converted into chyme,. are more 
complex than in any others. It is cropped from the ground by 
the fose-teeth, then passses into the paunch, where it is mixed 
with the food in that cavity; and it is worthy of remark,. 
that a certain portion is always retained there; for although 
at bullock ia frequently kept without food seven days before 
it is killed, the paunch is always found more than half full; 
and as the motion in that cavity is known to be rotatory, by 

* It has bean oDgvetted that a shoxt explanation of theaaalliiaiona may be 
neoMBary. The dootrine of Archetypes was, that previous to the ^listaioe of 
the world, and beyond its present limits, there existed certain Archetypes— the 
embod]rment (if we may nae saoh a word) of general ideas ; and that theas 
Azehetypes weie modeJa* in imitation of which all partionlar beings were 
created. Thus that the general idea or image of a man had a real existence, to 
which all individiial men bore a resemlflanoe. The passage in Seneea is the 
weU-known one in his Mtdeth-^Aot ilL v. 37fi. 

Venient annis 

Scenlaseris, quibusoeeanns 

Vincnlarerum lazet» et ingena 

Pateat tellus, Typhisque noYoa 

Detegat orbes; nee sit texrisj 

Ultjma Thide. 
Which means that '* in future years a period shall come when the limits of the 
wozld Shan be eocteoded, new lands discorered, and Thnle no longer oonaidered 
the jMmoteit legianjof the eaitb." 

For the paasBge from Bippocrates, see the Chapter on the Cixonlatioa of 
theBlood. 



tbi^'lmir^mllii ftnemd there lieing all'spheneal or crrvly wiih't&e> 
httin \iM in th^ same direction^ ihe oontento mtirt be inti** 
jfifttolymixed togethen The food is also acted upon by tixe 
secretions belonging to the first and second cavities, £ar 
althongh they are lined with a cuticle, they have secretions 
peculiar to themselves. These secretions are ascertained by 
Dr. Stevens^ experiments to have a solvent power in a slight 
degnse, since vegetable sabetances contfthied in tubes were dis- 
solved in the paunch of a sheep. 

The food thus mixed is returned into the mouth, where it 
is masticated by the grinding-teeth ; it is then conveyed into 
the third cavity, and after a short delay here, is transmitted to 
the fourth. The changes which are produced on the food in 
the three first cavities, are only such as are preparatory to 
digestion; it is in the fourth alone that that process is carried 
on. The upper portion of this stomach is furnished vnthpUcde, 
or folds, aead answers to the cardiac portion of the human 
stomach. The gastric glands pour out their solvent fluid here, 
and act on the fi)od ; and it is &om the presence of these glands 
in the stomachs of different animals, that their existence in the 
human stomach has been inferred. In the upper part of the 
fourth stomach of the deer, i^all orifices are seen in the inter- 
nal membrane, leading to cavities which appear to be the 
opening of these glands. In the lower portion, the formation 
of chyme is completed. It terminates at the pylorus, which 
separates it from the intestines. In some of the whale tribe 
there would appear to be a still greater complexity, as we find 
Mr. Hunter describing five, and even seven, stomachs in these 
animals. But, in truth, they are to be looked on as so many 
pouches or divisions of one cavity, rather than as separate or 
distinct organs; neither is there sufficient diversity in their 
functions to entitle them to this latter consideration. 

Those singular animals, the omithm'hynMy brought from 
the.Kew Continent, afford, in their digestive oigans, the link 
that connects the stomachs of quadrupeds with those of birds. 
And, as if they were in every respect' to contradict our preoon- 

h2 



oriTB^^deas, 7e find the gastric glands in them congregated 
about the pylorus, ioetead of occupying the cardiac ei^tremity. 
of the atomsch, as in. other animals. Aa idea of the gradation 
may be hod from this sketch. 

Fig.l. FIg.». 
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OBicrmania, on Cafe AmSAtrnt. 



Fig. 5. 



This scale scarcely requires explanation. In each of the 
figures, a ia the gullet, d the dnodenum, b the cardiac portion 
of the stomach, c its pyloric portion. In the three fint figures 



we see how the cardiac portion swells more and mor^ to the 
left of the gullet, as the food, being less digestible, requires to 
be longer detained. The three following figures show well the 
gradation between mammalia and birds, in which we should 
chiefly observe the approximation of the two orifices of the 
stomach, so that at last they appear to meet at a common 
point. 

Another circumstance worthy of note here, is the accurate 
Telaiion preserred between the form of the stomach and nature 
of the- teeth. In the lynx (No. 1) the teeth are in great per- 
fection, the incisors, the &ngs, and the grinding-teeth being all 
present and well developed. In man (No. 2) the three kinds 
of teeth are also to be found, but of smaller size, the fangs having 
dwindled into eye-teeth, as they are no longer Intended to be 
the means of catching and killing prey, and the grinding-teeth 
being somewhat flattened and modified to suit the admixture 
of vegetable with.animal food. In the hare (No. 8), and other 
gnawing animals^ the fangs are quite gone, nothing remaining 
but the long incisors in front, and the grinders behind. It is 
true, that at a late meeting of the Academic des Sciences, M. 
Greofiroy St. Hilaire proposed considering the front-teeth of the 
rodentia as canine rather than incisor-teeth, but this was merely 
in consonance with a theory of his own, besides, it is indifferent 
to our present argument what they may be called. In No. 4, 
the orycteropus, or Cape ant-eater of Pennant, the teeth are 
still further reduced, there being neither incisors nor fangs, but 
simply six grinding-teeth on each side in each jaw, and those 
of a very imperfect kind, having no distinct root or crown, and 
resembling small cylinders perforated with minute tubes. The 
imperfection is still greater in the duck-billed platypus (No. 5), 
which, in place of teeth, has merely two hard homy promi- 
nences towards the base of the bill at each side. Finally, the 
beak of the bird (No. 6) is totally deprived of teeth, and a 
£mgle glance at the scale will show how, as the organs of mas- 
ticatidn thus decline, the provision for retaining the food in 
thVstbmiewch becomes more complete, while a moment'6 reflec- 
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lion wOl eonyiiiGe ns of ihe wisdom and necessity of soi^iBi 

arrangement. 

The BtomaefaB of -birda, however, are di«tingni«hed fimn 
tfaose-of all mamsnalia, by being nmonnded wiihan extnmflfy 
strimg coat of museular fibns, and lined intemally, at kaat in 
Bach as feed on grain, with a hard homy at r uctme . This 
species of stomach, commonly named gizzardy is admirably 
snited for supplying the place of teeth, which, it is well known, 
are wanting in birds. The gullet, before arriving at the ^xzavd, 
generally expands itself into a large pouch, termed ihe corop. 
In this the food undergoes a sort of maceration, and is mixtd 
with ihe juices which it contains pretty abundantly. It is 
then tranflmitted to the gizzard, passii^ in its way over an 
abundance of gastric glands, which pour out their s e c getion s 
on it as it paaws. AmTod here, the powerful musdes of Ike 
gizzard eontract; they grind the food, press it in evecy diiao- 
tion, and break it small by the assistance of nujuerous smiiil 
pebbles, which the instinct of the animal directs it to swallasr. 
Yet some people teU us that fowls swallow pebbles firom mne 
stupidity! Any giains which escape this bruising pBrooass 
cannot bf acted on by the SQlrent fluid,' but ace eTaeuatfid 
undigested. Now in most birds that feed on yegetaUles^ 4lie 
apening from the gizzard into the intestines has no valfve to 
prevent the contents of the cavity of the gizzard, when 'fail, 
frsm escaping into the intestines without undergoing digastian. 
^niis will be understood at once by referring to our last plafte, 
%. 6, where we see, that if the gizzard was full, any addifeiaiial 
food taken in m%ht at onoe pass from a, the gullet, to <7, tfiie 
intestine, without gettmg deeper than the very entrBDoe of the 
stomach, and so without being submitted to its proper aatian. 
Here-then, say some, is a manifest waste of food for want^of a 
proper provision for retaining it. £ut, in the first plao^'liie 
waste can only take place when there is a superabundanaaiof 
food, as it is only the overflowings of the stomach oan^^asBrpflf 
in this way; and secondly, so for is it bam beiiig a isiiaiay 
waste, that this is one of the means f^pointed for tfaa diapemi- 
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md&m of plaiKts over e^Usume tracts of conntiy, and for tmvh 
potthig them to coral-banks^ and newly-foimed isLndSy whsooe, 
oterndse^ we could scaroely say liow T^getolion. .should •com^ 
menoe. it is also to be Tenuurked, that tilie gsowtk of gxaixi is 
soAch aeoeksated by bavmg undei^gfoiie this .jxrocess^ which is 
somethiiig anak^us to what farmers do whoa they steep ihdr 
"whx&i porevions to aowiiig it. The liaws, or benies of white- 
ihoniy xeqnire ifoeiiig buried in the earth for a year before tb«y 
aie fit to be sown; but if turkeys are fed with tham in the 
autmnn, and the dmngb sown, the plants begin to vegetate in 
the foUowing spring. 

The crop is geaflXBUy situaifced at the bottom of the neck, 

or in £nmt of the breast^ and every one may haye obseifved Ake 

iafaMss in that part after a fowl has made a goed meaL In 

«OBM btvdsy however, the crop is situated mndi tother baok, 

even bdiind the breast-bone^ close to the tail. This was tot 

•obesiiroa by M. H^mssant^ a French anatomist^ in the cuckoo, 

md he ihonght ke had, in this &nn«tieii, difleorexed t)ie 

nason why sthat 'bisd does not si en her egga; •£», as he 

aigoedy the enop being situated rso dkr bai^ and just in the 

phioe which would eeror the «ggB in .inonbstiooy it would be 

ddnQBt UMomfinrtable, when tbis was swelled with food, to haire 

% pHaninenoa finm within meeting a like praminence ftom 

wtthont. Tina was Teary ingenions, but is another |iroof lOfihe 

tfamger of dmwiag genend copchoHneBS horn am indi^dqal fart. 

'BoHter obsflprafciens diowed >l2hatal]ke£n3natian existed :ia 

bbds ttiflt did nt am tiiair^ggs; Mr. White found it In the 

^fini-owl, and fihonenbach in ihe nnt-iciraGkcr and other hkaia. 

^ihe nthar hood, Wilson ibnnd no sudh peenlioiity of «tnM- 

toe in the cow^bmd&ng of Nonth Ameriea, which, like the 

cadEDQ, lavras its 'eggs to the care of anofiher. Inr^ileathe 

<itoBuich is nmplc, in serpents thin and membnHMms, soaneely 

^^uiimgmAMd d^om the oesf^hagns, hot provided with a 

p owuilufl y jobrent jnice. In some fishes, such as the midiet 

*id>jwgarw trmH^ it is so msscolar as to have got the name<of 

'a giaaid. It is, however, diatiBgaishsd fittmi this, aa Jfr. 
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•HiilitertBtBteSy' i)y'Wtuiting>4iM {tecidiar c«rtOflgiiiou0 or^hmv^ 
Ikung^ ':The bl^Bet of its fitiength b to oiablo ihem ttobrak 
thfl'Shellft «f the mall mcikufSiiy on which' they fted. The 
etonteehs of Bome erwUvoeay as the cfab and lobtftcar, pi^sentthe 
fMOuHaiitf of heing framed on- a' skeleton, and fomiahed 'with 
tpiihy wMeh are wanting in the mout^. Insects |»eseiii49)iB 
organ in all the hefoie-mentioBed TsarietieB; tiMesrwigiivals 
ihe eruttaoea in having the upper orifice of its stomach Hbf- 
nished wif^ a douhle row of teeth;' and the' mole^nrioket 
fetemhles the nminatasy in having no less than fonr distind 
and separate cavities. 

' But we must return to our most important subjcfci, the 
hvnian stomachy and conrider some points connected with it^ on 
which we have not yet touched. These are the sensations of 
hunger and thirsty and the kinds of food most suited for our 
use;. 

: Hunger has been veiy differently explained. Some ascribe 
it^to am uneasiness aiismg in the stomach from, its being empty 
and unoccupied; otheis to the rubbing together of the interna! 
coats of its opposite ddes; others to the dnggmg of the livet, 
BOW no longer supported by a fall stomach; otheis to the 
aetion of the gastric fluid on the coats of the stomach. This^ 
last theory seems most favoured by Dr. Wilson Philip, who 
adduces, in suj^ort of it^ the following case. ^A person ^was 
• induced to remain four-and<-twenty hours without food, and 
. then, in place of indulging his appetite, to provoke voniiting. 
A qulBDdtity of a clear, glaiiy iluid was brought off, which was 
■ presumed to be the gastric juice, and the person no longer feit 
any desire to eat." But the gastric juice can only act on the 
eoats of the stomach by its bulk, or its chemical properties. 
The fdrmer clearly is not the cause of hunger, as then a person 
would be most hungry when the stomach was most full ; 'and as 
for the latter, we have shown above that gastric juice can only 
act on dead matter. Besides, many persons lose their appetite 
when the regular time of their meal is past, though we cannot 
suppose that at the same time the gastric juice has disappeared 



ai9atlraffiQ^]li to acixMUiildr ,tilie fecj&ig «f\ hunger^ whidiivie 
iMwriiBiiiicnMed hy ihe ^pfUfiaiaoft ofl/oold. io>the aiuifiio^ aa^ 
iMtantiy > lij^- swallowittg. o^d liquids. Tl»e . flyplanftliiogi ; l^r 
ilkiio«.ie<e4«dQi7 mnatisfiBctovy; beeanae AdoUon^ .iliiti(dt)f6 
x^ililyKlQOiuV caauaot begieaier than that oi the ai«la«\ef» tha 
atoioftch againat ita.oontenta inunediately «fiter a maal^wh^n 
Ao:<»9Bii kiflt gieai actum, but at whieh time iuiiigevdaaa not 
exiat. Hunger haa been attributed also to a sympfithjr.of the 
afe^n^ ^ih a gencanl feeling of wani in th«. ayatanih,.l3ut 
llODger ia ranayed aa aoon as a due proportion of food haa.baail 
qw^tftW^dyand long before it ia digeated^ and carried iniK^.iha 
g^oefal system. Thus fowls are satisfied.when thew.crapsinnl 
filled, although their food is not even ground preparatory>io 
4^aation until it reaches the gizzard ; and .ruminating anhliftiB 
nfif^ to collect fresh food before they begin to chew that;wiUi 
f^blph their, stomachs are distended. From these eonsidamtidna 
Pi;*, .^miotson supposes that hunger may be a sensation jown 
i^^ofted with the catUraeted state of the stomach* We.iknoiw 
tJ^l^ as the stomach beoomea empty, it contzacts, notl^.tbift 
£ijdi}|ig. in of the ados, but by the regular action of its «ireidaA 
fitwea. It always then iBaint.aiiis its cylindrical fonn,,aiiMinf«^ 
Ipa^e had occasion to see this remarkably exemplified in somfk 
€i4o/iara.ca8e% in which the stomach was so shrunk in aa.ta 
laaanibla, at first sights a portion of the small intestine, yet wiM 
itpibrm preserved. Dr. Elliotson further supports his opiniouj 
b^'tt^ observation that such things as we may suppose t(^ 
i^cr^aae the contraction, also increase. the. appetite. Thus a 
diamght of Q^d liquid, which cannot but contract the ston^ach^ 
iH^ Q9,rri^te its. inner coat^ increases hunger ; and acids, bittezsy 
B4At9i9t^Aogfmi8f have the same effect, and from theiu jmintet 
m9Qribe.6ui^cised.to act in the same way« Again, it is dimi- 
i|WM,by h/9at». m^. ayery thing that relaxes, . It .ceases, as so»» 
m^it^ff^fm^^MSi^iiu^ ma^tfr.wheth^ir. tha subsl^aiicea xfifiH 
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he imtritiTB er not. The Otomaca^ during thepmodioBl hsmt- 
•dBtiofUs of the rinran of Soulh Ameriw, wlivi the deptib. ^dUttR 
-wBteiB afanost entimly picnrente fishiiig, appease their hiHigar 
for two or time months, by difltwiding their stoanaidiB miUb. 
piodigioas qnanfitieBy a pound and upwazds in the day, cf a 
fine, nnctaons, stiong-smellnig, yeUovrash-gn^ day, sMg^dfy 
baked, and dcsiitnte of all oiganic sabsiMinoe^ oily, orfininaceoos. 
The Kamtsdhotkans sometunes i^pease their hunger by dis- 
tending their stmnachs with saw-dnst, for the ivaoat eC «ma- 
thing better. Thia^ however, we know now io centaiiL .some 
particles capable of being ^Bgested. 

On the wh«de, no single canse seems as yet siiffirient to 
account for all the fiicts connected with fanngec We ssaat, 
perhaps, look to a combination of several of those we have 
mentioned, and, aboye all, acknowledge the poweHdl inflnwiee 
•of habit and the neivous system. The fiaqnin vad dervdass, 
who are, by their -vows, Obliged to long fiists, bhmt the sensi- 
bility of the nenres by the free nse of opimn and tobaoeo, 
wtndi tiiey ted to diminish the pongs of hnnger. The sobr 
object is attained amongst some tribes of norlflieni Asia bgr 
m girdle brsoed tightly over the Btomach,>and laoed behind with 
-eords, dmwn doser as the noeasinesB inereasn. Some attn&aie 
tills to tiie prindple on whidi pvessing va a limb lessena 41e 
commnnication of pain from its eKtrendiy: Dr. EllirttiMH 
aeeonnts to it 'by the 'fiiot, '&at a tigM bandage diminiBiiestfae 
*pain oriafaig from stsong nmacolar coBtniction.; and thii^ ^we 
have diown, is tiie mode In which he aoeonnts iat kongec 

Tinrst is a s^ more ^nnperioos call than Inngeiv and lis 
^mneh less patiently endnied. The blood as it droolstes ds osft- 
Btantly pouzing oat its wsteiy particles in the iotana. of penpi- 
ntion, eadialation from the lungs, the aaliiia, the secretiotM liiat 
moisten the serous membranes, and many other fmoh ways* 
As it ports wifii these, its-sidine porfides beoome move eannea- 
tinted, the blood itself more efimiflating, tibe janvs and itluMtt 
become paidied and dry, and we ase thus admonished thata 
fnrther supply of dzink b neeessazy to the system* The {nseirf 
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iBlted focd hmrries the demand lor thk in twowayB^ faoth hy 
3iKieBfli&g4lie> quantity of wlisie nuiiterin ike cbcuktioii^ and 
hy Btirmilatingthe salivary glands so strongly, as to piodaeeitoD 
copious a flow of that liqnid, which is thus «0oner exhausted. 
A txavdller exposed to the scorching heat of flammeir, finds .it 
advantageoas to mix spirits with his water, whioh by itself 
would not suffice to piednce that secretion from the saliwuy 
and mucons glands necessary to moisten the month* And, on 
the same principle, for persons afifected with fever, in wlMoa, 
frma the stoppage of the secretions, the thirst is very intense, 
the physician directs either the suspendon of some sapid er 
&iinaceons matter in the drink, toast^water, bailey-^water, &c., 
or ahe mixtore of an acid, lemonade, impeml, and the<like. 
Violent passions that totally destroy the desire for food, on the 
oomtxary increase that for drink. Rage and terxor dry up the 
month and throat, and cause violent thirst; and the worthy 
Viear cf WakeiGield, when his son Diok was reciting the elegy 
on the death of a mad dog, called to his wife for a botile<<ff 
gooseberry wine, adding as a reason, ''For gric^ you know, 
Deborah, is dry." 

A singular proof of the influence which agitating •pasBwas 
lurre in the suppression of the salivary seoretion, is thus men* 
tiimed by Mr. Annesley, in his admintble work on the Dismmw 
9f India: 

^ The secretion of the -saliva seems to be under <theinflueiia^ 
of the same mental emotions as affect the functions of iHm^ 
stomach. Fear, anxiety, and various other depressing ipassioni^ 
diminidh digestion, and, most probably, produce titis effect, by 
afeopping the secretion of gastric juice. Observation sh6(WB us 
tiuit they 'have a decided influence in lessening, or even iUf 
entirdfy arresting the secretion of saliva; a circumstance not 
vsAmown to tiie observant nations of the east. In illustzatioB 
of ibis, it may be mentioned that the conjurers in India -often 
fennd, upon this circumstance, a mode of detecting theft among 
servaiits. When a robbery has been committed in a family, a 
con^reris sent for, and great preparations are made. A few 
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daycare 4Klowed to elapse before he txHtameiiees his iopei4ti8xis, 
for the inirpose of ailotrxng time for the restitutioii of the stelen 
piropert J. • If,^ however, it be not restored hy the titae fiked^ he 
prboeeds with his operations, one of which is as follows^ He 
causes a quantity of boiled rice to be produced, of which all 
those suspected must eat ; and after masticating it for some 
time, he desires them all to spit it upon separate leaves, for the 
purpose of inspection and comparison. He now examines this 
masticated rice very knowingly, and immediately poini» out 
the culprit, from observing that the rice which he has been 
masticating is perfectly dry, while that which was masticated 
by the others is moistened by the saliva**' 

The length of time during which perfect abstinence can be 
borne, without death following, is not well ascertained. Indeed, 
we may wonder that men have attempted to fix any particular 
period, unless they could first show that digestion and aasimi* 
lation were equally rapid in all. The efiRects of a protracted 
abstinence are, a diminution of the size of the body, and a 
prostration of strength, which soon become apparent ; discolo- 
ration of the fluids, especially the blood; suppression of aU 
discharges from the bowels though those firom the kidneys 
continue, and it is remarkable that they are increased if the 
body be frequently drenched with water; extreme sensibility; 
sleeplessness; intolerable thirst; painful sensation in the region 
of the stomach; these, however, cease after a few days, leaving 
only a weakness and sense of sinking. But a material alteration 
in the mind is also taking place. Imbecility first comes on; 
this is succeeded by ferocity. Each looks with horror and 
aversion on his fellow-sufferer. Men become wild, quarrelsome, 
twbulent, regardless of their own fiite and that of their neigh* 
bouxs. Reason yields her seat: idiotcy' follows velocity; or, 
deliiiuni coming, on, the sufferer dies raving mad. . It is oaly 
this can account for the horrible atrocities committed in such 
cases.' The shipwrecked sailors, in the es^treteuty of starvation, 
draw lols which shall die to feed the rest; womem, pressed by 
the easm f eeling, have devoured their own childx<eny as ^-e reafl in 
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Joseplra^ happened at the siege of JemsaleiD ; attdin:H<dy Writ, 
when Ben-ihadad besieged Samaria ; and Captain Fran]diniwas 
aaBUredyin his journey to the Folax Sea, ''that men and weqpMn 
ai^ yet living, who have heen reduced to feed upon the hodiey 
of their own family, to preyent actual ' starviation ;^ and. a 
shocking case was eited to us of a woman who had been prills 
«i!pal agent in the destruction of several persons, and amongst 
the number, her husband and nearest relatives^ in order i to 
suppoirt life." 

The strong and robust ^e the soonest from want of food, 
jfor.in them digestion is most powerful ; and from the eno^ 
of all the vital functions the supply is most quiekly ck* 
haosted. The knowledge of this iacty for which he was pro- 
bably indebted to Hippocrates, has enabled Dante^ true -to 
naitiire,.in his thrilling episode of Ugolino, to depict the £Mher «n 
perisfaing the last, after having witnessed, in aQ the agonies of 
rage and despair, the sufferings and death of his four s<mis: who 
were imprisoned with him. The opinion that this order was 
not accidental or poetical, is strengthened by his making thfe 
&ther die on the eighth day, the very period at which Hippos 
crates declares abetinence to be necessarily &tal. . That it was 
not an actual description of what did occur, is also certain; for 
Morgagni tells us, that when this unfortunate fiunily had been 
shut up, the keys of the prison were flung into the Amo, that 
no one should witness or assist at the heart-rending spectacle 
of l&eir mortal agony. 

A tradesman, impelled by a succession of misfortunes, re* 
tired to a sequestered spot in a forest in Germany, and there 
resolved to starve himself to death. He commenced putting 
his determination in force the 15th of September, 1818, and 
was found eighteen days after, still living, although speechless, 
insenmble^ and reduced to the last stage of debility. A small 
quantity of liquid was given him, after which he expired. By 
his side was found a pocket-book and pencil, the former con- 
taining a daily journal of his state and* sufferings up to the 
29th of September, four days before his death. He had con- 
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stM«ted a little hut ^ bushes and leaves; On t^ IfHh. of 
September be oomi^aiiied of snffeanng fimn oold ; en the 18th 
hi* thifst was BO intolerable that, to appease it, he licked sema 
d]sv$ £ram the siwroimding yegetables. On the 20tii he found 
a; smaU ooin^ and witii difficnltjr reached an uni^ whnse he 
pavohasod some beer;- the besar fiuled to qnenoh. hisihiist^ and 
hi» strength was so leduoed, that he took three hours to ae^ 
oempllsh the diatanoe, which was bat two miles. On. the 22Bd 
he discovered a spring of water, but, though tormented with 
thint, was obliged to forbear drinking, from tiie ^;ony the 
cold water caused in hia stomach, exciting Tomiting and oon* 
vulsions. The 25th made ten days ance he had taken tmy 
thmg, except beer and water. During that time he had not 
slept at all. On the 26th he complained of his feet being dead, 
and of belag distracted by thirst; he was too weak to crawl to 
the spring, yet being dreadfully snsoeptible of suffering. The 
29th of September was the last day on which he made a me- 
morandum. 

The most extraordinary cases of protracted abstinence have 
been met with in weak and iD&rm women, living in obscurity 
and inaction, and in whom life, nearly extinct, just showed 
itself in a scarcely perceptible pulse, and a slow indistinct re- 
spiration. One of the best authenticated of these is, that of 
Janet Madeod, published in the Pkihsaphieal Transactions for 
1777, and certified by Dr. Mackenade, the physician who drew 
up the report, and by the sherifip depute and other magistrates 
of Boss-shire. The girl had been healthy until the age of 
fifteen, when ^ileptic fits and fever reduced her to the lowest 
state of debility. Her appetite gradually diminished, until at 
last she refused all kind of sustenance ; her jaws became closely 
locked, so that it beciune necessaiy that her father should open 
them with a knife, when they attempted to make her swallow 
anything. It was, however, in vain.. She constantly rejected 
whatevw was offered to be put into her mouth; and from 
Whitsnntide, 1768, for a period of fi>uryeais, they never oonld 
ascertain that anything passed down her throat, eaEsepta pint 
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oC waftei^ "^Mxik she dimnk oaoe atacbraaght^ and a:yerf GGoall 
^puufeitir of . watsTy fiom a nuoexil spring in the neighbourhoody 
ipitb wfaiidi they^^llad har month at anothor time* During 
Hub period aha generally^ lay on her aide Tfttfaont moying^ hee 
e^es dosed, her pnbe beating &inti|ry her l^'contiaotedy and 
bent Inukwanfis and npwarda. Towards the end of the fiftk 
year her jane became nnlocked, she appealed a little mora 
lively, and partook oecarienally of a small qnantiuby of oaten or 
bariey-ci^ emmlded in tiie hollow of her hand, and moist* 
enod with milk. She was able to leave her bed, but the 
aeooont -does not proceed so &r as to say whether she erer 
reached any degree of health and strength. 

Cases of enoimona gluttony haye been most oommon in the 
otliarsex. At the age of seventeen, Tarrare, a FrBnchman, 
bom at Lyons^ was able to eat a quarter of beef in twenty- 
fbor- hours. Having left his parentSi and tmvelled towards 
Paris, sometimes begging, and sometimes stealing, he attached 
bimaftlf then to a show, and soon gained great celebrity by 
devouring a huge basketfol of apples, for whieh one of the 
spectators had undertaken to pay, and afterwards swallow- 
ing a quantity of flints, corks, and other such substances. 
Being admitted into the Hdtel-Dieu, on account of violent 
colics brought on by these trioks^ he was narrowly prevented 
snirallowing the watch, chain, and seals of M. Giiaud, the 
hooflS'^aigeon. At the commeneement of the revolution he 
joined the mob^ and procured, by this means, enough of food. 
When the war broke out^ he entered the army. His com- 
rades^ having at first the means of procuring themselves better 
food, allowed him to devour their rations; but this did not 
last long, and Tanave, nearly fionished, fell ill, and was ad- 
mitted into the hospital at Sulzer. Here he was recognised by 
IkL Gonrville, who had formerly seen him at the Hdtel-Dieu^ 
and who norw took him under his chaige for the sake of ob- 
aemng so singular a case. He had a fourfold allowance, but 
not oontemt with, that, proceeded to eat. up what was left by. 
tiiff other patiBDiSy. the waste of the Isiiahen, the poultices^ and 
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.er^iy ihing tbat eomo ia hu way. He deyoined.dogs «nd 
/oa^ until, as M; Percy aasiireB va, they fled at the sight oi 
him* In the presence of M. Lorenze, physician^nnal t*.tbe 
army, he seized a large cat alirey by the throat and paw% teie 
open its belly with his teeth, sacked its blood, aod dei^onjed 
it, leaving noihing bnt the skeleton. In a few hours aikmt he 
thiew up the fur, just as birds of prey do. Laig^ snakes he 
was fond <^ and despatched them with the greatest fiEicility; 
and one day he gobbled up, in a few minutes, all the diimer 
pr^Mtred for fifteen German labourers, which cdusisted of four 
bowls of curd, and two immense dishes of dough boiled in 
water with salt and &t. 

It occurred to M. Courville ,that he might be made useful 
in conveying letters requiring secrecy, when there was danger 
of their falling into the hands of the enemy. He proposed to 
him to swallow a lancet-case, in which he had placed a sheet 
of white paper. This Tarrare readily did, and returned the 
case next day with the paper imsoiled. He was now taken 
before the general (Beauhamois), in whose presence he swal- 
lowed thirty pounds of raw liver, and afterwards the case, in 
which the general had placed a letter to one of his colonds 
that had been taken prisoner. Tarrare was not very fortunate 
in this embassy. He was caught by a Prussian outpost, and 
as nothing could be found on him, was beat as a spy, and im- 
prisoned for about thirty hours. Disgusted with this unhand- 
some treatment, he declared, on his return, that he wished to 
be cured of his omnivorous propensities, and accordingly was 
readmitted into the hospital, where opium, tobacco, and various 
other remedies were tried without success. His insatiable 
appetite still continued, and he was in consequence obliged to 
have recourse to the most di£fgusting means of allaying it. 
Sewers and slaughter-houses were ransacked; he dbputed 
their prey with the dog and the wolf; and at last strong sus- 
picions of cannibalism caused him to be driven from the camp. 
From this time he was not heard, of until foiir years after, 
when M. Percy found him at the hospital of Versailles in the 
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waMe^ and labouring under a pnniknt diarrhoea;' He flh^My 
dSed, alld'his bodj almost 'immediately - became a maMof 

He was of the middle height, thin and weak. Hie cheeks 
were wan and furrowed, and when distended enabled him to 
eonoeai in them ten or twelve good-sized eggs or apples. This 
approach to the cheek-pouches of bats^ apes, hamsters, and 
other ravenous animals, deserves notice. On being opened, hie 
stomach was found to be of an immense size, and, as well as all 
^e intestines, in a state of suppuration. During life he was 
always offensive, hot, and in a sweat. When he had eaten 
but moderately, he was able to wrap the skin of his belly 
almost round his body. After a full meal, he used to retire to 
a comer, and fall into a brutal state of insensibility. . 

The principal facts of this case may be considered illustm- 
tive of most cases of excessive gluttony, so that we need not 
add any more*. But a remarkable instance of the power 
which the stomach has of preserving itself from the injuries of 
foreign bodies, is found in the following sii^ular account of a 
man who lived ten years after having swallowed a number of 
clasp-knives. . To render it still more interesting, we shall 
quote the description drawn up by the man himself, while in 
Guy's Hospital, and read, after his death, to the Medical and 
Chimrgical Society of London, by the late Dr. Marcet. It is 
headed, 

** Narrative of John CwnminSy drawn up In/ himsdf. — ^A 
miraculous recovery of a seaman, who swallowed a number of 
knives at three different times, as you see in this little book." 

The little book begins by informing us, that in the month 
of June, 1799, he and some of his shipmates, being at H^vre, 
went into a tent and saw a man swallow a knife, for which 
^ght they paid a livre each. On their return to the ship, they 

* In the third volume of the Tramactiong of the Royal Asiatic Society is an 
wbtmnt by Major General Hardwioke of a HindA, ivho, in his own presence, 
«te up an entire abeep, and was said to find no difficulty in finlahi^g two at a 
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flat down and ^iMigan to enjoj the fanner fMiii of ihe s^iit «s 
follows: — -After drinking very hearty^ one of the compttqr 
ppened the story conoerning the above play-actofBy wlBch, <lie 
repeated, that it was an extraordinary a£Bur to swallow kniYtt. 
The author made. answer directly^ and told him that he ooidd 
swallow knixres as well as they oonld. The comfiany proBcat 
took notice of (the above answer being made so qniek, and i6r 
the curiosity of the clxoumstanoe, made a serious inquky if he 
was man enough to perfonn what he had already stated* fie 
did not like to go against his word, neither was he anxionB to 
take the job in hand; but by having a good supply of gng 
inwardly, he took his own pocket-knife and tried it first, widdi 
slipped down his throat with great ease ; and by the aasistaaDe 
of some drink, and the weight of the knife, conveyed it into Us 
stomach. But still the spectators seemed not satiafied 'with 
one, but made further inquiry if he could swaUow any anoie. 
He relied in a word, ^All the knives on board the ship.' By 
this answer there were three more knives presented upon ;the 
table, which he swallowed in a few minutes, the same way as 
the former. And by this bold attempt of a drunken man, tiie 
company was well entertained for that night." In the eomtae 
of two days after he passed three of the knives, but BBver 
could ascertain what became of the fourth. However, it never 
gave him any pain or uneasiness, ** and shortly after he took 
his departure £rom France, and never thought on swallowdng 
any more knives for the space of six years; after which you 
shall see as follows:" — 

^ Boston, March 13, 1805, was in company, wheore he gave 
his report of his success in swallowing knives in Frano^ in 
June, 1799. Two or three of the oompsiny told him plain to 
his face, thai it was impossible for any man to do sttch a thing; 
and that it was nothing but failse.report, which he took it very 
highly afironted ; but, after .considering a short time, Md 
the company he was the same man still, and, if it was agreeable, 
that he would satisfy their curiosity. One smaiU kni& was 
presented to him, which he swallowed instantly: in the course 
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^ that nigfat lie 8ivaUoii«ditTe -mste, whieh made sixln«dl. 
Vast morning he had a tbeoBiaid viflltotB, hat gave vttty 
fewwS tiiem adnuttanoe. It happeiaed in IIm eoizne oi that 
dajihot he wwtSLcPiwi eigbtnMTO, and ax. the night beftttiey 
•winch made fiMDteen; asd tiutt "vnu the 14itk cf the moi)^; 
80 he had mvaliinrod a knife for e^eiy day the mmith was did. 
Next menxbig mwB the I5th; he was taHcenirary 01, with con- 
wtamt TeHiting and pain in Ins stomach. Direcfdy he was 
laroaght to Ohaiieafton Hespital, and hetmxt that period of 
USamt aad the 2Mi lioillowJDg, was na&fy deOyered of has <»ig0y 
jBuL^ttie whole ef themase preserved in the infirmary of that 
oiAjr;'' fiiB next fit of awedlowing was brought on in nearly 
4te aaae mamxer, on hoaivd H. ]£. S. Igds, December Mh^ 1805; 
snd in ^be oouBe of that night he awallewed fire knires. 

^iSfeitmoanDing, b^ng tbeJth day of the month, the ah^^ 
^eomfpany were annow to see the perfermanoe renewed the 
second time; by Ihe «aMsoaxagement of the people, and tiie 
«EnistflDiee of good grog (aiid his lot was ordained to be mise- 
sable altec^ in oonsequenee of the some), he swallowed nine 
that ^y to his own knowledge; and the speetatois iiifbnned 
1dm afterwards that he swallowed four more, that he knows 
nathdng aboat: they were ail clsE^-knives, and some of them 
TBTf large." Next day he was oMiged to apply to the snrgeon, 
and continued for a long time an invidid, oocasioiiaily 8n£Feiing 
much pain, wMch was aiways increased just before he passed 
paris of the kmves. 

^ Jmifi 12th, 1807^ he was <di8charged this ship in conse- 
^ofiiioe of his complaint^ «nd likewise being found at the 
mnrwey nnsernoeabie ; after whidi he was admitted into Guy's 
Hospital, nnder the care of Dr. Babington. Oreat many never 
hdiered sneh a ciicimistance. After fiye weeks being in the 
hoipitBl, was presented oat, and was in lodgings for the space 
of five weeks; but fiadiag himself getting worse, was obliged 
to make the second Applieation, and was re-«dmitted imder his 
phyaidan again." 

There is little to be added to this nanatire, which was 

x2 
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4ojMA in- (the (ponket iof iha trnfoirtunbief iiiaii>afii4r 'bm d^NMi^ 
hat that hie jy^oame gxaduiedly wone>] and died^ -Mar^' 18Q9^rJi& 
ia [fltiite of extFeme emaciaifioiu. Oa opening bia eton^fib 
b^tvwcn thirty -and forty, fragments. Wfie fo«nd Anrit,.,^]^ 
oti!&dentlfy pieces of handles, blades, and baekrspfings. of feiaiuv^. 
They are preserFed in the Museum of Gny'a Hosfatai^ ,,, u- rrr 
A I • Many disputes have arisen lespecting the bind, of Ibodti^ 
tlirhidh man ^oukL naturally subsist; but these-. disputes .tgad 
to tothing, for man would be in yain adapted for liTii^in <41 
iriGnietieB of climate, were he not abso capable of using gfo^t 
variety' of food. Thus many at present live solely on potatoes, 
.dates, .ear. other vegetables. The wandering Moors: have seajppely 
OB^ bther food than gum. The inhabitants of Kamt8cb^#;a, 
imd many other shores, scarcely any other than fish.. The 
.«ik6pherds in the province of Caraccas, in South America, on 
i4ih& basks of the Oronoko, and even some tribes in Euirqpe, 
lire almost wholly on flesh. Some barbarous nations d^Viaur 
"iHwtianimals; some eat spiders, and different species of cr\i^)ba- 
/oeousand molluscous animals. Many South American tiiib^ 
leaiday as a luxury; the Gu£geroes, on the west of the ^\o 
ydb.la Hache, carry a little box of lime, as sailors do a tobacf^ 
< 'box; and German workmen at the mountain of EiffhaQ$(sr 
■spasad day instead of butter on their bread, and £nd it v^iy 
{«aitisi(ping, and easy of digestion. , •..» 

>'^' The articles of diet generally employed by every nati$m 
coid' class of society are much determined by the facility wUh 
which they aa?e procured. Anunal food we find more used/ip 
ieold oUmates, and vegetable in warm. A mixture of * the two, 
' however, is considered more agreeable, and, at the sam^ tpsf^e, 
'better suited to our neceasities. Dr. Prout reduces all ,tbe 
'aHides of ' nutriment used by the hlgh^- animals to> tbjfee 
classes; the saccharine, oily, and albuminous. The first i^fffl^ 
tprebends' sugars, stasehes, gums> and isome otbe? itnalogous 
piAuciples; .the second, oils, lots, aleobol, <&04; ;^e tbirdy/otb^r 
«aaimti' Matters, and v^etable gluten, so abuAd^^in 5¥b^. 
tHeewas/led. to.thia theory by observing r that miUfvit^>(^ 
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.«Hid«^>adiiiaQff famished a&d intended by nairufe as foody h 
'eisa^iitydly >eolnpoBed of three ingredients, the oily, buttetr; tbe 
'eftbtttta^ouSy cttid, eheeee; and the saoeharine whicb is found 
JW^e^Whey. From this he was by degrees led to the eenelil- 
sioFn-'thiit all the alimentary matters, employed by man and the 
more perfect animals^ might probably be reduced to the sanie 
thi^e g^eHeral heads. And this conclusion has been favoured 
by 'a course of experiments which he has since instituted. It 
iiemtdns to be proved whether animals can live on one of these 
cldsses oxclusively, and Dr. Prout seems inclined to deny the 
•possibility of this. But he must have forgotten the fact men- 
-^oned by Hasselquist, of the caravan of Abyssinians, who, 
Imvihg' exhausted all their provisions in the desert, would h»ve 
Btarved, had they not found among their merchandise a stock 
' of gfam, on which they subsisted for upwards of two months. 
There is no doubt, however, that the food used by us is, in 
g;eneral, a mixture of two, or all three, of those classes of nutri- 
inent ; and the imitation of this mixture is the object of all our 
eookery and art in the preparation of our food. ^^ Thus; from 
ibfe earliest times, instinct has taught us to add oil or butter 
to foinaceous substances, such as bread, which are naturally 
deficient in this principle. The same instinct has taught us to 
&tten animals, with the view of procuring the oleaginous in 
conjunction with the albuminous principle, which compound 
we finally consume, for the most part, in conjunction with the' 
saccharine matter, in the form of bread or vegetables. Even 
in the utmost refinements of luxury, and in our choicest deli- 
cacies, the same great principle is attended to, and the sugar 
and flour, the eggs and butter, in all their various forms aild 
combinations, are nothing more than disguised imitatknis of 
the great alimentary prototype, milky as presented to • us by 
nature.** 

We have delayed long on the stomach and its oonteiit8|» yet 
we are very fiir from hciving exhausted so eopious and inteir- 
esting a subject. Our limits would warn us to conclude, yet 
we cannot do s^ without returning to the case' of Alexia > St. 
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Maxim, detialed at page M, for the purpose of ahowing tibe 
practical bearing of Dr» Beaumont's experimenta as ngarda- Kte 
food of man. We Iiatb stated tliat Martm's stomacli, loiving' 
been perforated by a masketnyiot, heabed, the aperture not 
becoming closed; and that» in course of time^ a valTe grew 
down over it, whi<^ completely retamed the feod^ unless it -was 
intentionally lifted up, m which ease the fbod, at my period 
of its digestion, could be extracted and examined. Thia, of 
course, enabled Dr. Beaumont to ascertain, with much pBe>- 
cimon, the relative digestibility of different kinds of food; and 
the following may be taken as a condensed yiew of the resolto 
of his experiments. 

OfFcsrinaeea. — ^Riee boiled soft, was perfectly conrerte^ 
into chyme in an hour; sago in on& hour forty-fire minutee;, 
tapioca^ barley, &c., two hours; bread, fresh, three houn— 
stale, two hours; sponge-cake, two- hours thirty minutes. 

Cf V6gekMe8. — Cabbage, raw, two hours thirty mdnntes — 
boiled^ four hours (vinegar much assisted its di^gestion) ; potor 
toes, roasted, two hours thirty minutes — boiled, three hoium 
thirty minutes ; canrots, boUed, three hours fifteen miaaiwa;: 
beet, boiled,, three hours forty-five minutes; tnmip^ boiiied^ 
three hours thirty minutes; beans, boiled, two^ hours thirty 
minutes^ parsneps, boiled, two hours thirtynme ndnutea. 

Of Fruit, — ^Apples, sour and hard, twaheura fifiby mlnnteft 
--mellow, two houzs-H»weet and ripe, one hour thirty minutes; 
peach, mellow, one hour thirty minutes*. 

€f Fish amd ISheU Fish* — ^Trout> boiled or Med^ one hour 
thirty minutes;, cod-fish, cured and boUed, two hours; oystez% 
undressed, two hours fifty-five minsites-— roasted, tibree ltou» 
fifteen minutes-Hstewed, three houra thirty minutes; Inmb^ 
broiled, three hours; flounder, fried, three honiB thirty* 
minutes; salmon, salted and boiled, four hours. 

OfPouUry, Qume, Sfc, — ^Turkey, roasted, two bsuxs tUrty 
minutea-— boiled, two houra thirty-five minutes ; goose, wild, 
roast, two hours thirty minutes ; chicken fieicasseed, twa hoitt» 
forty-five minutes ; fowls, domesticy boiled or roast, four houii; 
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duqks, tame, roast, four hours — ^wild, roast, four hours thirty 
inwutes« 

Pf Butcher^ Meaty <Sf«.—Soused tripe and pig's feet, fried or 
bofled, one hour ; venison steak broUed, one hour thirty-five 
minutes; calTs or hunb's liver broiled, two hours; sucking 
pig, two hours thirty minutes ; mutton, broiled, three hours 
— boiled, three hours — roast,, three hours fifteen minutes ; beef, 
&esh, broiled, three hours — ^roasted, three hours — Slightly salted 
and boiled, three hours thirty-six minutes— old, hard, salted^ 
four hours fifl^en minutes ; pork steak, broiled^ three hours 
fifteen minutes — lately salted and boiled, four hours thirty 
minutes — stewed, three hours — ^roast, five hours fifteen mi- 
nutes; veal broiled, four hours — Med*, fi)ur hours thirty minutes. 
Forsefse^.— Eggs, raw, two hours — ^roasted, two hours fif- 
teen mimntefr-HSoft-boiled, three hours — hard-boiled or fried, 
three hours thirty minutes ; custard, baked, two hours forty^ 
five minutes ; mUk, two hours ; butter and oheese,.three hours 
thirty minutes ; suet, four hours thirty minutes ; oil, j9ome^ 
what longer ; apple-dumpling, three hours ; while calf 's-foot 
jeUy was digested in Httlb more than half an hour. 

Siich are the principal of Dr. Beaumont's facts, obtained as 
the means of numerous results : in many points they confirm, 
in others^ differ from the tables of Doctors Paris, Prout, WU-' 
son Philip, &c. They all, however, agree, that venison is one 
of the most easily digested of meats, that white fowls are in 
general more so than brown, beef than veal, and boiled meat- 
than meat dressed in any other way. Oily food is peculiariy 
indigestible, and it was only consequent upon the use of such^ 
that- Dor. Beaumont found bile to enter the stomach during 
digestion* Erom subsequent experiments *made out of the 
bo4y, he ascertained the &ct (which at once explained the 
above), " that oily or fetty food is sooner digested, when thera 
is a small admixture of bile with the gastric juice." Of course, 
suQh. lisod should be cautiously abstained from, by all persons^ 
lal^mwiig mider bUious complaints. 

:]$Ke,iic(W proceed to trace the food in its further downward 
oouzBe. 
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Part III. Of the Intestinal Canaly and what tales place there: 
—of the Liver y Pancreas, Spleen, and Kidneys. 

The, food we left at the pyloric end of the stomach, after beings 
propeifly aet^ on by the gastric juice, and reduced to that 
grayish .pulpy. mass tarmed e^^me. When the food, thus 
altered, is presented to the pylorus^ the muscles of this latter 
rehuL ; the ring widens ; and a free passage is allowed the food 
&om the stomach into the first part of the intestines. 

That pcort of the alimentary canal, which extends ganeially 
in A very tortuous course, from the lower orifice of the stomach 
t<> the Tent, or amu, is called the intestines. It is usually 
diyided into the small intestines, and the great intestines ;^«ach 
of these are subdivided into three parts, those of the small in- 
testines, named duodenum, je^um, and ileum ; while those of 
the great intestines are called caecum, colon, and rectum. The 
order in which we have named them will show how these 
parts succeed each other as we pass from the stomach towards 
the vent. 

There is always a relation observed between the form and 
size of the great intestines, the small intestines, and the sto-' 
mach. It is generally true, that the intestinal canal is shorter 
in carnivorous, and longer in herbivorous animals, as compared 
with the length of the body. Omnivorous animals, such as 
man, hold a middle *rank in this respect. There are, however, 
some exceptions to this rule ; the seal has very long, and the 
sloth very short, intestines. In man the small intestines are 
about twenty-six feet long, or from four to five times the length 
of the body ; the great intestines six feet, or one length of the 
body : the latter are termed great, from their superior diame- 
ter. The whole intestines, then, in man, may be said to be six 
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times the length of the body, while in the lion they are but 
fire times, and in the ram extend to t wen ty-seTen times its 
entire length. As we go through the classes of Tertebrated 
animals, these proportions diminish. In birds, the intestinal 
canal is to the length of the body, as two, three, four, or 
nrely,,fire to one. It is hardly twice the lei^h of the body , 
in many reptiles, and not bo much in the frog ; while in some 
fishes the alimentary canal is continued straight from the 
monUi to the Tent, uid therefore does not eqnal the length of' 
the Imdy. This is the case with the lamprey, skate, and shack. 
Like the stomach, the intestines have three coats. The 
onter, derived from the serous meml»ane, binds th«m all to 
the Iwek-bone, yet with so long a bond as to gire them conal- 
deiable freedom of motion. Inside this we find the rooMalar ' 
coat, connsttng of fibres in a longitudinal and circular diMction, 
hj wUeh the motions called periittUtic- and ptraicfiAir are pro- ' 
dneed. It is by these motions that thdr omteuts are aiged>i 
fnrvaid ; and the mode in which this is done may be UDdtt'f- 
stood from tluB sketch. '■ 



Iiet A B c D B be different portions of the intestine, in the 
tint of which, i, is contained a part of the alimentary mass, 
which has been softened down and formed into a pulp. Notice ' 
of ita pretence there is given by the nervous filaments with 
which this part is snpplied. In consequence, the muscular 
filues of & contract, and pass its contents into b ; they do not, 
hovever, immediately relax, for n being now stilnnlated, con- 
tmcts in turn. If, then, a. were to nlax immediately, as mnch 
of the contents of b would go back into a as forward into c. 
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Bat A remaming controctedy b diseharges itself iiita c : a thea 
relaxes, and b remains contracted nntil c has passed an ita con^ 
tents ton* If the motion be made back from c to b» and b to 
A, this is tevmed- <mai-peritteMo^ and soch, we hava reason to 
bdieve, aecompanies the inyerted motion of the stomaciL ia 
y<Mnitmg, for the bile, which naturally does not enter the 
stuHBach, isy at such tiHoes, dischaiged &om it in the greatest 
aimodanoe. 

A singular efieet that sometimes results &om iiregulai: con- 
tractions is, that one part of the intestine is swallowed wiihia 
the other. This is called eii<t»-MiMM;p^. Thas, if some acrid or 
irritating matter have got attached to the inner coat of a, one 
posptum* of an intestine^ a shall contract itself very powor&illy 




in the endeavours to get rid of it, but discharging nothing int» 
By there will be no inducement to b to contract ; it will, th»e- 
fore, remain open, and any further contraction of the longitudi- 
nal fibres wiU cause a to slip within b. The inner coat of b is 
now sensible of something within it, consequently b contracts^ 
and squeezing tightly the yessels of a, stops its circulation ; 
mortification comes on, and death ensues; 

The arrangement of the longitudinal muscular fibres varies 
in the coUm* In place of being distributed in a regular order 
round the intestine, they ase collected into three bands, which, 
being shorter tium the intestine, cause it to appear puckered, 
up. The intervals between tiiese bands^ being weaker, yield 
mora raadily to distension, fonning oeUs or tcboeul'L The fsraes, 
when dry, readily assume the form of these cdls, aa jdsbj be 
wdl observed in the horse, goat^ and sheef». 

Within the muscular coat is a layer of fine condensed oel* 
Inlar siructurey so distinct, aa often to be described aa a aqMoate- 
coat^ under the title of wueukury from the quantity of bloods 
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veBBds that lamify^ in it; or nmrvausy from a laiatiBkey p»petiiw 
ated'frsBi file oM anotoBiiBts. 

T&ft tmt mternal coat^ howBvePy wMek k fiaely i^pread 
0T» tbia^ is tiie most carious part of the whole stnxeture ; fi>r 
by its' means is* the nntriment separated &om the food as it 
passes a]ongy and conveyed into the mass of the Mood. This 
coat i» turned vUhtui It has a soft fleecy snr&ce, and, being: 
of greater extent than the other exterior coats, is thrown' inbo 
circftdar Mds» whidi hang into the intestine like imperftct 
i^ves^ ynfh their' concave e%e floating- They hare the. narne^ 
of vaitmbB amtmmtes. Their nse^ as desoribed by Sir Chailes) 
B^ is '^ to increase the surface exposed to the aliment ; is» 
enlarge the absorbing sur&ce ; and, at the same time, to'ginrep to. 
it such an. irr^pilanty, iiiat the chyle may lodge in it and be 
detained." The villiy from: which this coat has its name, araa 
number of extremely fini^ short,. filaments, that appear like a 
fine down on. its suzfEMse* They are so minute, as not to. be 
miy observed withont the aid of a magnifying-glaBS ;. yet 
each of tiaun eooaists o£ an arteny, veiB, filament of a nenrM,. 
aodan absorbeait ^vesaeL When these is nothing in the inte»- 
tiae^ thfly are flat, relaosd, and hanging down ;*. buA when: the 
&od giyes notlee of its psasenee to the nervouft filament^ the. 
artery beeomes stimnilated, move l^bod. is sent into it,, the vUlus 
is eieated, and i^ aiisorbent is seen with, open mouth collect- 
iBg the white,, milky nutriraient, the oepjaa of whwh we shali 
baiie to^traee further Tdien speaking of the afasorbeut. system* 

Amnnd and between the bases of the TiUi are placed innu- 
]D»&Ue<'8maU. glaod^ pourings out a watery mveouaiseeretiony 
which assists the passage of the food, by pveflsnting to it & coBt* 
siBntly hsbxibated sur&cew SVom. the psesencO' of timse glands, 
^cqat has also been denominated thannioous' coat ;: and/ tinr 
stndieiit will always bear in ndnd' that it is still a modificatien 
of the external i^dn, which, at first, fi)lded; over tiie edges of 
^1^ aoqoivea new properties in the montih* ; is thence con- 
^iiniMbfliasoft, spongy^ delicate lining thsongh. thetCBSophiyas, 
^laiiB. iatoi loigitndinri folds by the contmction- of the eiroulac 



3aiisole9 ; at the great end of the stomaidi is iwriwklfldy •'while 
nmneioiis glands, placed beneath it, ponr ont.thm seoretkfifl^ 
and gastxic jniee is exhaled from its taafaoe^ somewhat aa per* 
epilation is from the external fikin; towaids the pylotma>it 
asBomea, in many animals, the viBous appeaianoe, oauaed .hj 
the minute ends of the vesseb throwing it np like so many 
little nipples ; these are extremely nnmezoos in the small in- 
testines ; gradnaUy diminish as we approach the large ; nntil, 
at last^ when we come to the reeiumy we find it again a smooth, 
spongy lining, exactly as it was in the gollet, and preparod 
again to gire np its peculiar character, by being <»ioe more 
continuous with the external skin, which occurs on the e^gfis 
of the yent. 

From this description of the structure of the intestines we 
shall readily understand a diyision of much importance in the 
nature of purgative medicines. Some, as rhubarb, act by sti- 
mulating the muscular coat to contract ; iheperistaltie motkxi 
becomes more active, and the solid contents are evacuated. 
Saline remedies^ on the contrary, have their action on the 
mouths of the mucous glands ; they excite them to discharge 
a large quantity of a watery fluid, as salt placed in the mtonth 
produces a large flow of watery saliva; and this fluid, mixing 
with the solid contents of the intestines, dissolves them down 
into a thin fltdd mass, which is easily passed forward. In 
some cases, however, the solid contents have become too hard 
and solid to be thus acted upon, and they remain, causing much 
irritation and disturbance, when an ignorant ph3rsician imagines 
the bowels must be totally dear, because his patient has had 
abundant watery evacuations. 

So much for. the intestines generally; but before we exa- 
mine their functions more particularly, we must speak of some 
organs which now become connected with the digestive process. 
For, when the cfymehaa passed the pylorus, and got into the 
duodenimi, it becomes mixed with the bile and pancreatic 
fluid, which are both poured in through ducts opening into 
this part of the intestine ; and, at the same time, a consider- 
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dblb'clisiig^ k observed to take place init^-and a aepfltrfttiom 
mtoi'iwo parte; tbe one white, rich, aond nutritiye, called 'the 
d^f the other the bulky indigestible reeiduiimfdniiing. the 
fascef, I it becomes- necessary, therefore, to inquire how fair tliiis 
ehaiige depends on the. admixture of these fluids; and' this 
inquiry' will, be assisted, by examining the nature of these 
fluids :and the organs by which they are secreted. 

Ths Lhef\ ■ The first of these is the liver, by which thB 
l)ile iS' formed from the blood, with which it is abundantly 
sa^ilied. This is the bulkiest <^all the viscera ; it lies on the 
right side, close up under the ribs; attached at top to the 
diaphr<igm^ while its lower part, stretching towards the central 
line of the body, lies in front of where the stomach passes' into 
theduodenuni. On the posterior side of the liver is placed the 
gftll*4iladder, in shape like a pear, and serving as a reservoir in 
whieh to keep the bile until it is required in the duod^iuia. 
The duct leading into the duodenum is generally met and 
joined to the duct bringing the pancreatic fluid, so that they 
both pour their contents on the c^yme at the same place. -^^ 

It has long been a matter of dispute whether the liver 
^ram' its bile from arterial or venous blood. To understand 
ibis question, it is necessary to state, that while most othe|: 
^ilgans receive only arterial blood and return venous, the liver 
Teceiyev both arterial and venous blood, and the latter in a very 
peoulifff manner. For the general rule of the circulation is, 
tliat arteries, setting out from the heart, divide and subdivide 
&8 ^ey advance, until they have attained an extreme degree of 
ininateness ; veins, on the contrary, commencing where these 
terminate, gradually unite into trunks, and those into larger 
^nmks, tiU at last they return the whole blood of the body 
into the heart, by two large conduits ; one from the head and 
upper extremities, the other from the trunk and lower extre^ 
inities. To this general rale there is a curious exception a& 
^^sgards the liver. The veins from the stomach, spleen, great 
and small intestines, unite to form a trunk. This, in place of 
'uiumig towards the heart, or uniting itself to some other 
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trunk, TOBB into the liirar. £t entefs it between tkmro ef its 
Jobea, whidi tern sometfaijig like a ^eOe for its vec^iin, 
ivtifince itB nmne imm jKirte, and immediafeiilj Mmnaues 
^vidiog and mbdiTkling itsalf la the adbBtaace ef tbe Uvb^ qs 
ih^Qgli it bad iMen am asteij. Iftaw a ht^^atery (the fcfwrtir) 
alfio enteiB the livfir, and L u Md ieB out aa maaL 

The liver, then, has two soazoeB of sof^y ; it has hat^ne 
psodoci^ the bile: the queaidon, theo, is amfdy thtt^ £rom 
whidi Bouree <xf supply is the product fonnedl Ifinateie- 
^easches jjito the natuue of glands, seemed to show that tfeere- 
tion takes j^aoe in eKtaoemely nmmte t«b8^; now it was 
ithougbt that the disrate isapectiiig the bile would be aettiedy 
by asoertuning whether the minute T«ssels in which it was 
.seereted wese contanuous with ihe final sabdivioioia of the 
artery or tbe Tein. Upon this ^eculatioa, therefore, tbe auh 
tosaists set to wodc with knira aod magmfying gkasa. 
Some pursned up the artery to its minutest brands; olhos 
the vein. Some sliced the hirer across, and tried what tbey 
could see in the section ; others cut it loo^tudinally. Some 
'examined it raw, some boiled, some maoeiated in water, in 
spirits, or in acids. Afber much trouble in tMs way, it vj^ 
peared tbat each of tbem saw what he liked to see, but, usfixp- 
tunately, could seldom make any one else see it. It m 
agreed, then, that this would iM>t decide the point ; and ano- 
ther mode was bit on. One gentleman made a very fine injec- 
tion of size or paint, and ibroing it with a syringe into the Koa 
ports, &und it retiimed by the biliary ducts and tbe hepatk 
yebaBy which aro employed in retaining from the hrer all the 
blood that remains after 4he bile bas been formed, and the 
organ nourished. Here was ^^ confirmation, fall as atrong as 
proo& in Holy Writ." The blood of the vena portc not oaly 
suJ&ced for the biliary secretion, but filled tbe h^^uitic vebB. 
The poor hepatic artery was in danger of having nothing at aU 
to do, but that^ fortunately, anoth^ gentleman took it into biB 
head to drive his paint injection through it, when, le! tbe 
biliary ducts and hepatic vdns became filled with equal fiici- 



litgr. In ehort^ all these systems of vessels oonmiiiidcated so 
dBneeij, that, by using a certain degree of force, from any oi&e 
yiSH eofuld £11 aU the rest. Experiments on living animals 
'weae aaesct had xecomzse to. Some tied the yem, aod-sud that 
fitegp^ped the -secxBtieoi of bile; others tied the avtery, and re- 
ported the same ocesults. In most cases the .unfortuiUEte and- 
jBoaik, made ihe subject of eiqpeiinkeiit^ wese so injured by the 
opeiaitiaiis, or by the subsequent inflammation, that they 
afffiiided no fiur grounds for inferring what miglht or did oocni 
in their natural condition. Ai^gumenl^ now, was the last 
leaort ; and those who have studied the question most, seem 
to .think with Sir J^oger de Ooyerley, that ^^ much may be said 
•n both sides." 

One party urged that the unusual distribution of iiie yein 
atgoes its application to an unusual office; that this office in 
•iheliver is evidently the secretion of the bile ; that the artery 
has enough to do in supplying nourishment to the organ ; that 
the venous blood, containing more carhan than l^e arterial, is 
fitter for the elaboration of bile, wbich abounds in this princi- 
ple; and, finally, if the vein be not for this use, for what use 
is it ? To all this the other party replied, that every other 
seeretion is formed from arterial blood, therefore analogy would 
say the same for this; that the size of the hepatic artery, 
almost equal to one supplying an •entire limb, is too great to 
suppose its blood exhausted in nourishing the liver, but that 
^aough for secretion must remain; that the use of the novel 
distribution of the vena ports is to prevent the blood returning 
in too great quantities, or with too much violence on the hearty 
or, perhaps, as maintaining a reservoir of blood, for the extra- 
ordipoaiy necessities of the system, out of the immediate range 
of circulation ; that the point respecting the greater or less 
quantity of carbon scarcely deserves notice; and, what is most 
important, that in moUusca there is no vena portse, yet bile is 
secreted, and that two instances have occurred in London where 
the vena portse never entered the liver, in ^vduch, ccmsequently. 
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the whole secretion must have heen made &om the hlood of 
the hepatic artery. 

Such was nearly the state of the question when we com- 
menced to write ; but an admirable paper read by Mr. Kieman 
before the Royal Society, and published in the last number of 
their Transactions^ has finally settled the question, and proved, 
on the indisputable authority of anatomical demonstration, 
that the bile is secreted from venous blood alone ; that this 
venous blood is, in part, that brought by the vena porkBy in 
part that brought by the hepatic artery, become venous after 
having contributed to the nutrition of the organ ; that, there- 
fore, both sources contribute to the formation of the secretion, 
and that if one of them were cut off, its place might, to a 
limited extent, be supplied by the other. He has, also, fully 
explained the apparent anomaly in the cases above alluded to ; 
but his explanation involves too much anatomical reasoning to 
be rendered intelligible to our readers. On the whole, his 
paper is one of the most valuable contributions that has been 
made of late years to human Physiology; and we feel no doubt 
that Pathology will derive equal benefit from one which he 
promises on the diseased appearances of the liver. 

The fiuit of the liver being employed in removing from the 
system the superfluous carbon^ has caused it to be considered 
in some measure subsidiary to the lungs, in which we know 
the same takes place, the air which enters them returning 
loaded with carbonic acid, a combination of carbon with 
oxygen. Many things tend to strengthen this idea. The 
heat of the body depends on the formation of this carbonic 
acid ; but if the external heat be sufficient, there is less neces- 
sity for internal heat, less carbonic acid is formed, more carbon 
is left to be got rid of by the liver, the bile becomes acrid, and 
the liver deranged. This accounts for the frequency of liver- 
complaints in hot climates. In the fcetus, for whom the heat 
of the mother's body must be sufficient, the lungs are small 
and collapsed ; while the liver is lai^e, extending much further 
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down thttn it does in the adult, and a quantity of bile is 
secreted, as we always find much greenish matter, termed 
mecrnhnn^ in the bowels of the infant when bom. If we trace 
the scale of animals, also, we shall find that as the lungs 
dimimah, the liver, having a greater share of business, enlarges ; 
fiogBy who give out little carbonic acid, have more imperfect 
lungs and larger livers' than sparrows, who give out a great 
deal ; and in fishes, and moUuscd, such as snails, oysters, that 
breathe by gills, Mr. Lawrence informs us that ^^the liver is 
very large, consists of several lobes, surrounds the stomach 
and intestines, and opens by several mouths into these cavities.'* 

The nature and appearance of bile are tolerably well known. 
It is of a greenish-yellow colour, but varies much in this 
respect ; sometimes deepening into a brown ; sometimes 
brightening into a green. It is a viscid fluid ; and this quality 
is much increased by a short stay in the gall-bladder, where 
absorption of its more liquid particles would seem to take 
place. It is sometimes foimd to contain animalcules; and a 
species of worm, called fluke, existing in the gall-bladder and 
ducts of sheep, causes amongst them the disease, termed the 
rot. Its taste has become proverbial, "bitter as gall.'* 
Chemists have discovered in it a peculiar principle, named 
picramel {iriKpos bitter, ficKt honey), from its combining a 
bitter with a sweet taste ; and on this they suppose many of 
its properties to depend. They also speak of a green resinous 
part, but without much certainty. 

Of the use of the bile we shall speak when we have said a 
few words of the pancreas and spleen. 

The Pancreas* is better known in animals by the name of 
sweet-bread. It is a long narrow gland, placed behind the 
stomach and across the back-bone. It resembles very much a 
indivary gland, and the fluid it exudes approaches closely in its 
nature to saliva. It has been extirpated without the animal's 
health appearing impaired. The duct from it opens into the 
duodenum, along with, or immediately by, the duct from the 

* Pancreoi, all fleshy ; from 9r«y, all ; and xpi a;, flesb. 

K 



ISO nmxsriox. 

liyer* The jxaa o£ ike pimereaUe Awd jb nob reitj yn31 la^^ 
Some suppose ihat it modifies the acrimony of ^e bile, oihsa 
that it assists in pi^aring the nutritive part of the food for 
abaoiptioa. 

3%e iSjiflem k of an izr^gular figoie, and dark puple colour^ 
mtoated at the left side of the abdomen^ close up under the 
rihfl^ as the liver is at the right» and attadied at top to the 
diaphmgniy and hy its side to the gceat carvataze of the sto- 
mach. It is of a pecoliaxly soft^ yielding, spongy stmctoze; 
eomposed almost ^atirely of yess^ which admit of being 
readily emptied, or as readily distended with blood, by which 
it is capable of suiting itself to the ecmditicm of the neighbour- 
ing parts. Thus it has been observed to swell up and enhuge 
when the stomach was empty, and to be contracted when this 
oigan was fulL From this, and its dose connexion with the 
stomach by means of ressels (rasa hrevia) which pass between 
them, it has been generally considered as intimately connected 
with digestion. Some have supposed it to act as a sort of fo- 
mentation, or application of heat and moisture to the end of 
the stomach, and thus to promote its action. Others have 
said, that as the stomach, when digesting, requires more blood 
than when empty, the spleen acted as a reservoir, in which 
the blood was retained imtil the stomach, becoming full, 
pressed on the spleen, and so compelled it to dischaige the 
blood necessaiy for its use. But we have no proof that the 
stomach can so compress the spleen ; nor is the spleen always 
situated so immediately in its neighbourhood as to render this 
probable. The frog, for instance^ has the spleen in the 
mesentery ; and, in ruminating animals, the apleen is attached 
to the paunchy or first stomach, so that, if pressed on by thi% 
it would be giving out blood when no digestion at all was 
going on, as this does not commence until the food has got 
Into the fourth stomach. Another opinion has been, that it 
served as a counterpoise to the liver, on the opposite side of the 
belly ; Hewson thought it made the colouring matter of the 
blood ; Sir Evenurd Home, that it received the liquids direct 



j>iossnoN« ISl 

firom the stomach; EtasifitRitiiSy that it was of no use at all ; 
and Paley oonld fmd no better use fiir it than as a pad or 
staffing to asRst in packing all the other viaoen, and keeping 
them o(»nfortable in their places. All these theories have beoi 
lefutedy oTy horn their absurdity, not considered worth refiitar 
tion. There remains one, not often inmsted on, yet supported 
by some reasons, and, what is better, by some facta. 

Let lis suppose any g^ven qnantiiy of blood, say ten pinte^ 
necessary to the performance of the function^ and the maln^ 
tenance of life. Suppose that exactly this qnantiiy were can* 
tained in, and filled the circnlatoiy system, it is dear that any 
sodden accident, such as a rupture of a vessel, or a wound, by 
which half a pint or a pint of blood was lost, would suspend 
life, or leave the person in a low, exhausted condition, from 
which his recovery would be tedious and uncertain. In tibuxt^ 
the operation of bleeding would, under such circumstances, ba 
more dangerous than the disease it was intended to remedy. 
To avoid this, a greater quantity of blood is preserved in the 
body than is immediately necessary, and the superfluity is 
placed in communication with the general circulation, though 
not in the immediate line of it, in certain reservoirs, £rom 
which it can be drawn, should the system require it. We 
have before hinted that the liver may perform such a fimcti^Ni 
in consequence of the mode in which the vena portaSy carrying 
an the blood of the intestines, is divided in it, and it is now 
suggested that the spleen would be adnurably adi^ted £» a 
like purpose. 

The most accurate examination of ite structure would show 
it to consist of nothing but vessels, capable of great dilatation 
and subsequent contraction, according as they are required to 
hold a greater or less quantity of blood. In the cold fit of 
i^e, when the blood, leaving the snr£su», is concentrated to* 
wards the trunk, this organ enlarges exceedingly to receive tfao 
torrent, which, if poured on the stomach, Hver, or lungs, wouM 
be attended with imminent dandier. When reaction sets in, 
ssA the hot stage is folly established, the blood again rasheB 

k2 
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to the surfkce, which now becomes red, heated, and swollen, 
till relieved by a copious perspiration, in which the fit ends ; 
while the spleen again shrinks and collapses to it^ ordinary 
size. If, however, the fit be frequently repeated, the spleen is 
not completely emptied each time, an accumulation and de- 
position take place in it, and it becomes permanently enlarg^ed 
and hardened. This state of the spleen, familiarly known by 
the appropriate name of ague-cake^ is of common occurrence in 
Lincolnshire, and other places where agues are rife. There is 
no ground for supposing it an oigan of secretion. No secre- 
tion from it has ever been discovered, nor any duct by which 
such secretion could be conveyed. Sir Everard Home's idea, 
that it formed the medium by which liquids were conveyed 
directly into the circulation, he himself gave up on subsequent 
experiments ; to say nothing of the fact mentioned by Blu- 
menbach, that the spleen is of good size in several warm- 
blooded animals who never drink. Its veins run direct to the 
liver, which, in the view we have taken of them, would show 
a community of function. Dr. Lind mentions, that in the 
bilious intermittent fevers of Bengal, where the liver is often 
inflamed and swollen, so as not to admit the venous blood to 
enter it as freely as usual, the spleen constantly becomes en- 
larged, and shows itself to be performing additional work; 
and MM. Leuret and Lassaigne having applied a ligature on 
the vena portcB of a dog, and examined its spleen two hours 
after, found it to weigh a pound and a-half, while it ordinarily 
weighs but two oimces. 

It would be impossible to consider the matter fully here, 
but we think we have shown a probability that the liver may 
be an organ performing two functions ; one, the removal of 
carbon from the system, in which it assists the lungs ; the 
other, the detaining, in a state of slow transit, a certain quan- 
tity of blood, ready to be given out should there be a call for 
it, and this office it shares with the spleen. We have already 
shown, that as the lungs become more imperfect, or fiEdl to per- 
form their office, the liver becomes larger and more active ; 
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Init becomii^ lai^r, it b of course lendered, at the same time, 
a more capacious reservoir, therefore has less Deed of tlie assist- 
ance of the spleen ; consequently, aa nothing useless is left in 
the animal economy, " the spleen," as Mr. Lawrence informs 
u% " gradually diminishes in size from the mammalia to 
£she8," but this b exactly the order in which the lirer in- 
creases. In mollusca, in whom the liver is of great magni- 
tude, Uie spleen does not exist at all. Other arguments may 
be adduced, from the symptoms that accompany inflammation 
of this organ, hut it will be sufficient to have alluded to this, 
aod we shall now return to our c^yBw, which we left entering 
the duodenom. 

The duodenum, derives its .name from heing, by old anato- 
mista, described as the first twelve {duo-deai) fingers' hreadth 
of the intestine, measured from the pylonu. It is now better 
and more anatomically defined, hut the old name still remains. 
It b much larger than any other portion of the small intes- 
tiuea; itsfunctionsand diseases are both of the greatest im- 
portance, and hy several anatomists it b raised to the rank of a 
second stomach. It takes its conise towards the r^ht side, 
from the orifice of the stomach lying across the back-hone, and 
above the pancreas ; it then turns down, and having gone a 
Bhort way in thU direction, makes its third turn towards the 
left, so as to terminate at the hack-bone, nearly under the place 
where it had commenced. Thb will be more clearly under- 
stood fi^jm a reference to the annexed figure. 
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The diwis fkom the liver and pancreas opea into it just 
where it is turning downwards, and at this point a reipaarkable 
change Is obseryed in the food. In place of the gray nnifonn 
pulpy mafiB which we found at the pylorus^ an evident aepaia* 
tion into two parts has taken place. The bile also seems to 
undergo decomposition, and one of its parts unites with the 
nutritiye part of the food, which now swims at the top, in the 
ftam. of a white creamy fluid, while the other, or proper bilious 
part is found mixed with the m<ffe solid remaining parts^ and 
seems destmed, by its bitter and acrid qualities, to stimulate the 
intestines to unload themselves of the fieces. So &r the 
changes produced by the bile, seem almost entirely chemical, 
and Br. Prout states, that having mixed chyme with bUe, out 
of the body, almost the same appearances were observed. " A 
distinct predpitation took place, and the mixture became neu- 
tral.'* He could not, however, clearly ascertain the formation 
of an albuminouSy or nutritive principle^ which he attributed 
to the ahsence of the pancreatic fluids It does not appear, 
however, that bile is absolutdy necessary for this separation of 
the chg^me into <^le and excrement. Nutrition continues to 
take place in jaimdiced patients, in whom, &om the stoppage 
of a gall-stone in the ducts, or inflammation, or pressure of the 
BiNghbouring organs, not one particle of bile . can enter the 
duodenum. In such cases^ the bile, after being formed, is re- 
absorbed, and carried into the blood, cauang the general yellow- 
ness of skin ; while the faeces, devoid of this principle, are per- 
fectly white and clayey, and the intestines, wanting its stimu- 
lus, become sluggish in their actions, from which arises that 
costiveness so generally attendant upon this disease. 

The next step is the taking up this nutritive matter, which 
we have seen separated by the bile, and this is entirely a vital 
process. The folds of mucous membrane, of which we have 
spoken as hanging into the intestine, are immersed, as it were, 
in this creamy fluid ; the little vessels on their surface com- 
mence sucking it in, and have 4>een actually seen in the &ct 
by Sir Charles Bell, who has seen the little white flakes stop- 
ping up their orifices. 



J^unum and Hemm. By &r tbe greater part of th* tibaorp- 
tko tiAee pbee in tbsse, prindpoU^ ia tli* fiist, aa we horo 
find tiioae rancoss iblds moet abundsBt". The use of thua 
fMda ae«e)a to be, not only to inereaae the extent <^ the 
abaorbing BtaiuK, bat to cause some delay to tbe food in its 
parage, and thus afford farther time ior the abaorbenta to act. 
in araoe fidies tbe little delay thna aff(»ded aeems snfBciatt, 
-without the necewDty for coSTolntioiw. Thus the email ii^ 
teethK of the bine elutfc pMseata thia appcanace, where we 
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see these folds transfonned into a regitlar epiral valve. The 
intestine runs almost in a atrmght Une to the vent; these 
valves, therefore, are necessary to prevent the food from pass- 
ing too rapidly through it; they also very mnch enlarge tbe 
absorbing sui&ce. 

As the contents of the small iatestinea are urged along by 
muscular contraction, they are thiiB gradnally deprived of thdc 
liquid particles, become drier, and approach more ia their pro- 
perties %o fiecal matter. 

Tie great inUAinet. Arrived at these, the mass has Iwt 

* The modfl Id irtiicb i h t parte an dlstlnfulihBd \t, l^cftlUng lh« upper 

t1rt>4fths of the bouU IntaBUne (meuuied from tbe dnodenum) jtiunian, and 
the lonr Uue^-anh Ueoni. Tbenime^mnBlBH^dtobedctlTailtrDmjqfii'W- 
iBOtty ; beoiaie ttali pert el Um iatuUne ia genenll; toimd emp^. Tbe ei- 
perleDce of old uutomiate dlffen entkelj from ours, for we hara M often found 



106 PIGESnOH. 

almost all its nutritiye particles. In animalfi^ however, that 
live OB food difficult of digestion, this is not altogether the 
case. To give an. opportunity for extracting any that may 
remain, these intestines are made very winding and voluminous. 
The coecum and colon in the goat, whose food, so unlike the 
snhstance of our hodies, is with difficulty assimilated to it^ 
measures more than twenty feet; while in the lion, feeding on 
flesh, they do not measure four feet. The ahsorhents, how- 
ever, are not found in any number opening into this part of 
the canal, so that not much nutriment can be acquired here. 
This accounts for the difficulty in supporting a person by nu- 
tritive injections, as is sometimes attempted to be done, when, 
from a very irritable state of the stomach, or some other cause, 
the patient is unable to swallow. These injections can never, 
under ordinary circumstances, reach higher than the coecum, 
for a valve placed at its entrance, and opening only downwards, 
admits matter from the small intestines, but bars all return. 

What remains after this last absorption is excrement ; and 
when a sufficient quantity of it is collected, its bulk stimulates 
the rectum,, or lower part of the whole canal; the muscular 
fibres of this contract; the muscle which holds it closed at its 
termination, relaxes; and by the assistance of the abdominal 
muscles, useful in this as in vomiting, the fa^al mass is dis- 
charged. This is materially assisted by the structure, already 
noticed, of the internal membrane at this place. It has become 
soft, spongy, and abounding in mucous glands; the secretion 
from which, elicited in great abundance at this time, helps to 
lubricate the mass, and so facilitate its expulsion. 

Sir Everard Home had an idea that the fat might be formed 
in the large intestines, and made some experiments to support 
this theory. A piece of muscle, digested for some days in bile, 
appeared fatty on the surface. Something of the same kind 
occurred in feces that had been long retained. Ambeigris'*, 

* De Blainville questions this, and says some persons assign the jirodnction 
of ambergris to a sort of sepia, which, during life, has a strong ambreous smelL 
But he does not quote his authorities. 
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Trhich is of a rich fiitty nature, is well known to be the con- 
tents of the great intestine of the whale, when from disease the 
excrement has been long retained; and lumps of fat have occa- 
sionally been passed by persons in ill-health. He mentions 
some other circumstances of the same kind, but has not suc- 
ceeded in making out his case. 

Gases of. different kinds are found along the course of the 
alimentary canal, either proceeding from the decomposition of 
the food, or, as is more probable in many cases, secreted into 
the canal. Careful analyses of these in different parts have 
been made. It would appear that oxygen and nitrogen are 
found in most abimdance towards its commencement ; carbonic 
acid and hydrogen towards its termination. Carbonic acid, 
however, is by others stated to be found in greatest quantities 
in the stomach. The oxygen and nitrogen are, probably, the 
constituent parts of the atmospheric air, which must be swal* 
lowed at each movement of deglutition, or mixed with the 
food during mastication. Some animals possess the power of 
swallowing air to a remarkable degree. It is by means of this 
that the sea-urchins swell out their skins, so as to erect the 
prickles with which they are covered, and which thus serve 
them as a defence against sharks and other voracious fishes : 
and it is the same faculty that enables the nawtiluSy thus ren- 
dered lighter than water, to move gracefully on its surface. 

Light as a flalce of foam upon the wind, 
Keel-upward from the deep emerged a shell, 
ShiQ>ed like the moon ere half her horn is fill'd; 
Fraught with young life, it righted as it rose, 
And moved at wUl along the yielding water. 
Worth all the dead creation, in that hour. 
To me appeared this lonely tMuUlut* 

We have now traced the food from its entrance to its exit; 
we have seen it chewed and mixed with saliva in the mouth ; 
swallowed by the tongue and gullet ; changed by the stomach 
into ehjfme; by the duodenum, when mixed with the biliary 
and pancreatic fluids, into chyle; its nutritive parts absorbed 
from the small intestines; and the remainder finally converted 
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info ecscremc&t in tke lasge. Befiwe ire proeeod to inqidn 
fihai beocmMS of the absoibed part, whkh ifoiild lend vs !• 
the eoDffldentioa of ft new set of yeasda^ let m sKy KnaMthiiig 
respeetiiig what we may tenia the liquid exciemeiit^ the minfl^ 
and the oigaasby which it is aeereted andcontaiiiftd. 

An important difference is to be obserred between aeeretkna 
Some, when farmed, are implied to a further vse in the ays- 
tern; sach are the bile^ the sali^ and these are proper aecn- 
tkms* Others seem merely formed to remore ficom the syBteBi 
matter which, if remaining in it, wonld be injnzious, and 
these, when formed, are qmckly discharged: they asra joaoie 
properly termed esDcnfiotUf and dP this kind ia the urine* 

The nrine, then, is one of the means of poiifyiiig tiie 
system, and, in all the mammaUay is secreted by the kidney% 
Mod oonveyed into a bladder, from which, wbea a snfficieiit 
quantity to sfcunnlate it is collected, it is expelled* It imwdij 
tfipetan as an abnndant watery secreticHi, of a pale-y«Uo« 
eoloar, salt taste, and peculiar smell, net disagreeabie in the 
urine passed by a healthy person* The smell to wldeh Uie 
name urinous is generally given, is not that to which weaBnde^ 
lor it, in &cty arises fiom the decMnpootion of the mine which 
takes place with great rapidity as soon as it is ecaposed to tfaa 
sir. This proneness to decompodtion arises from the gvMt 
number of ingredients it containflf, amounting according to Ber« 
zelius, to seventeen, while Fourcroy and Yauquelin swell the 
nxmiber te no less than thirty. In sh<»rt) it seems to be a sort 
of sewer to the body, through which ererything useless is 
drained off. We shall find it vary much, according to the 
times at which it is examined; and phydologists have, with a 
view to this, divided it into mine of the drink, urine of the 
d^le, and urine of the blood. 

Urine of the drink is that which is passed soon after hava^ 
drank in great abundance ; and this is considered the most im- 
perfect, as many of the qualities of the liquid drank may often 
be detected in it; and it seems as if the liquid had passed 
through the body without being much modified in its oouzse. 
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Same liqiiorSy it is known, produce this secretioa more abund- 
aatlj than otken^ such are infusions of broom-topsy of junipev- 
berries^ or of flax-seed. Uiine of IIm chyU is that which is 
Toided a short time after a meal is digested* It difien^ 
notably, £rom the other in quantity, density, colour, and odour. 
Its quantity is less, its density greater, because its solid con- 
tents are increased, its colour deeper, and its odour m(«e 
pecotiar, and less refemhle to the matters taken in. The urine 
of the blood, however, is that in which all its charaeters are 
more perfect. This is the urine passed in the morning, a£Uir 
sleep, during which the system, left to itself and undisturbed 
by external influences^ has full time to throw out, by the 
kidneys, all such matters as it requires to get rid oi^ and which 
are thus found, in their due proportion, in the secretion. It is 
this that chemists prefer to analyze. It consists of water, a 
great numher of salts from which it frees the hkod, a peculiar 
matter termed wrea^ an add called wricy or UMc^ which causes 
it to redden T^getlable hlues^ and mueus^ together with some 
other animal matters. 

M. de BkunyiUe says^ that urine passed from the kidney of 
a living ammal is much thicker and more yiscid than when it 
is dischaiged from the bladder. He condudes, therefoore, that 
the aedts^ the animal matter, &c., are separated from the blood, 
in a ooDcentnited form, by the kidneys, and that the chief part 
of the water is added by exhalation from the lining membrane 
of the bladder*. This lining membrane is nothing more than 
the skin turned in through the urinary passage, modified 
exactly as the skin is when it becomes the lining membrane of 
the mouth, fiimished with mucous glands, exuding a secretion 
by which it is continually moistened, and applied over the 
whole internal sur&ce. The watery exhalati(»aL which takes 
place from this^ is exactly analogous to perspiration from the ex- 
ternal skiA, and as one of these increases, so the other diminishes. 

[* Compare this vital phenomenon with the phyflical fact. If a 1>ag» made 
*ith any organic membrane, regetable or animal, be partly filled with loma 
thick fluid, and the whole immersed into a vessel containing a thinner fluid, the 
htter will pass acron fhe monhrane to mix with the fanner.] 
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A honse at rest in his stable passes urine abounding in water; 
but take the same horse, fatigue him in the course, excite 
violent transpiration from the pores of the skin, and then his 
urine will be thick and viscid, often to such a degree as to 
produce difficulty in passing it. On the other hand, in the 
disease termed diabetesy in which the patient will sometimes 
pass thirty or forty pints of urine in twenty-four hours, the 
skin is dry and hard, and the most powerful sudorifics fail to 
produce any moisture on it. The secretion is increased by cold 
and damp air, preventing transpiration from the skin ; and 
diminished by hot and dry air, by abundant fluid dischaiges 
fix)m the bowels, and by dropsy, in which the water seems all 
directed in a wrong course, and which, is often cured by 
increasing the flow from the kidneys. The constant state of 
action in which the cutaneous exhalants are kept in warm 
countries, accounts for the frequency of skin diseases^ such as 
leprosy, y aws^ ring- worm, in these situations : while the urinary 
organs being over^ worked in damp, cold climates, shows why 
they are more frequently afiected amongst us. 

If the urine be carefully examined with a good magnifier, 
we shall see extremely small shining crystals floating through 
it. These are crystals of uric acid, held in solution, while the 
urine is in the body, by the quantity of warm fluid in which 
they are iiomersed ; but should anything tend to cool that fluid, 
sBeh as a foreign body getting into the bladder, or should they 
b6 secreted in too great quantity to remain' dissolved, they are 
precipitated in a solid form, and, according as they unite in 
small grains or in one large mass, give rise to gravel or stone, 
perhaps amongst the most pauifhl diseases that flesh is heir to. 
These concretions are at other times formed from the salts 
which we said were contained in the urine, and diet seems to 
have no little influence in determining to which of these classes 
the stone shall belong. Abundant animal food, rich'soups, and 
indulgence in wine, tend to the formation of uric acid, and this 
is generally the gravel that accompanies gout ; while the 
alkaline concretions occur more frequently in children, in 
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weakly persons, and snch as lire mnch upon vegetables*. 
Now, as the dispositions induced by these^ means are directly 
opposed to eacb other, and a stone formed .under one of them 
would be, if not very large and firm, actually dissolved, by the 
urine secreted under the other, it is evidently of the highest 
importance that the diet of persons labouring under this disease 
should be particularly attended to. Medicines are used with 
the same intention, and if resorted to at the commencement, 
may succeed in dissolving the newly-formed calculi^ at a later 
period, however, these are not so easily acted on, and an 
operation becomes necessary for their removal. It was at one 
time thought that the injection of certain solvent fluids directly 
into the bladder might suffice in all cases to destroy the stone; 
but it was found, that when of sufficient strength to do this, 
they were also of sufficient strength to act most injuriously on 
the delicate lining membrane of the bladder, and so induce a 
most dangerous inflammation. 

Certain substances have peculiar effiects on the urine. Rhu- 
barb gives it a peculiar tinge ; asparagus, as every body knows, 
a peculiar fetid odour; and turpentine, a smell like violets. 

The urine seems to be converted into a means of defence for 
-certain animals, by being endued with a peculiarly offensive 
smell. This is most remarkable in the fox, the pole-cat, and 
the mouffettet, an animal allied to the same family. Birds 

* Dr. Wollaston, who has made yery interesting researches respecting the 
influNice of different kinds of food on the composition of thenrlne in birds, found 
that in a chicken, fed solely on herbs, the urie add was but a yery small fraction 
in a hundred parts ; it was rather more in a chicken allowed to feed at large in a 
farm-yard; in a pheasant fed on barley, it amounted to fourteen per cent.; 
almost formed the entire urine in a hawk fed on flesh ; and altogether in a brown 
gull fed on fish. 

t The American skunk seems of all animals the best provided in this respect. 
It will not run from a man ; and indeed exhibits no sign of fear at the ^ht of 
any animal, however powerful. If it iwrceives itself about to be attacked, it 
curves its back, raises its hidry tail in a vertical position, and then ejects, with 
cooclderable'foroe, its urine, which is mixed with such an insupportaUy fetid 
liquor, produced by certain glands for the purpose, that neither man, dog, nor 
any animal, however fierce, will venture to touch it. Washing, scouring, or 
taking, have been tried in vain, to eradicate the smell from vlothes once infected. 
Major C. Hamilton Smith, who had often seen the animal, informs us, in Grif- 
ftthls edition of Cuvier, that the owner of the New York Museum had a suit of 
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have no bladder, but the lower part of their intestine ends in 
ft hagy called tloaoay which serves not onl j to xeceive the ftsoes, 
but also the nrine from the kidneys, and the eggs finom ilie 
a^traries. It thus answers the purpose of r$cttim^ Madder, toad. 
Uterus or womb. They hare, therefore, no distmct passage lor 
evacoating the tcrine. It is voided along with Hie £eces^ and 
Is that dull white matter which we observe always foasang 
part of them. It is rery little fluid, whidi M. de Blai&ville 
attributes to its not having been in a bladder; and he mentions 
this £Gtct as a proof of his tiieory, that the uxine is indebted to 
the bladder for its watery parts. It is composed in great part 
of uric acid^ and hardens quickly on exposure to air. In ser> 
pents and lizards, the urine is still more solid, and hardens 
almost into a stony mass. Frogs again present us with a 
bladder, and consequently their urine again becomes liquid. 
The cuttle fish has a pouch opening near the vent, which, from 
its situation, is by some considered as a urinary bladder. It 
contains a quantity of deep black fluid, said to be the colouring 
principle of Indian ink; and this it discharges, when pursued, 
so as to darken the water around it, and thus &vour its escape. 
This use of it, as a means of defence, certunly bears an analogy 
to what we mentioned above respecting the fox and the pole-cat. 
If this reasoning be admitted, we must consider as urine the 
beautiful purple liquor afforded by the murexy and used amongst 
the Romans to dye their richest robes. This liquor is, when in 
the animal, of a yellowish- white colour, and only obtains its 
regal tint when exposed to the action of light. 

It is scarcely necessary to describe the shape or colour of 
the kidneys. Every one has seen a sheep's kidney, and the 
human kidney much resembles it, except that it is longer, and, 
perhaps, flatter. These are what are called symmetrical organs, 
that is, there are two of them similarly situated, one on each 
fflde. The other organs of which we have spoken are not sym- 

clofhes completely mined Yxy a tew drops ; " after wiiahing llbey were Imogvpon 
fhe Toof of hie house, full fifty feet high, and yet oould be Tssry dietinctily andt 
tome distance off in the streets, or the square near the house." 



jsetrieaL Tiau tha Brer b plaeod all to one mde of the body, 
tbe fpleen to the other, and so on. The Iddnejn, kk, are 
placed in tlie loins, one mi either aide of tlie bock-bone, tv, 
iowaixla whidi thor notched aide is tamed. Into this the 
blood ia conveyed by br, the renal' arteriee, and it is from this 
Uood that the matoials for the urine are dcaared. The blood 
that remuns ia returned by means of the veins, wlule the urine 
passes along two csnola, uu, called uretfrl, into the bladder x. 



The kidneys aze generally enveloped by a qOMitity of loose 
HiJinjfti' membnuie, in which abundant dc^wmtions of £it take 
place. Thdr internal arrangement is cnrioDS. If we make a 
borizcKital section cf one, we shall observe that it seems com- 
posed of a number of lobes joined together within a general 
envelope. Each t^ these lobes is composed, eztemally, of what 
i* tamed the eortical part. The arteries all direct themselves 
towards fhia, and when arrived at it, subdivide until their 
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branches become extremely minute. In tlieae minute tnandua 
the urine is secreted; and inside this mrtico/ part we perceive 
what is termed the tulular part, composed of a nnmbei of 
inmute ducts conveying towards a central point the liquid 
which has thus been secreted. The ducte gradually twite, and 
temiinate in a little proceas like a mpple. The number of 
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these in each kidney varies &om twelve to eighteen. They 
discharge the urine through little l^onel-shaped ducts, termed 
calyeei or in/undiiula, into a membranous bag, called pehu, 
utuated in the notch of the kidney, and with which the tavltr, 
or canal to the bladder, is directly continuous. Concretions 
sometimes are found in this pelvii, forming the disease called 
Btone in the kidney: or becoming detached, and attempting to 
pass down the ureter, they will stick on the way, giving rise 
to most distres^ng sjrmptoma. In such cases, recourse is gene- 
rally had to narcotics for allaying the pfun, and to warm baths, 
fomentations, and such other means as may induce the parts to 
relax and so suffer the stone to pass. The weteri terminate in 
the bladder, towards its neck; the orine is constantly paaang 
down in drops as it is secreted, 'and its return into the lower 
part of the wrOera is prevented by their opening obliquely 
through the coats of the bladder, which thus act as a valve. 
These coats are very similai' to the coats of the stomach, bat 
the external or terom coat only covers the upper sod bock part 
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of the bladder. This is of the greatest moment to the suigeoDi 
as it enables him to perform operations on this organ, with 
much less danger than if he had to cut into a serous sac. The 
mnscular coat of the bladder is composed of a number of strong 
fibres, the general direction of which is longitudinal. Some 
speak of their forming a sphmeUry t6 close the neck of the 
bladder. We have not seen anything sufficiently distinct to 
deserve the name, nor does such a provision appear necessaiy, 
the parts around being of such a fuU, plump nature, as easily 
to yield when a liquid was forced through them, but as readily 
&S1 together again when the liquid no longer flowed. The 
muscular fibres are excited by the full state of the bladder. 
They contract, and its contents are discharged through the 
urethra. This passage differs in length in'the different sexes. 
Its lining membrane, continued on, becomes the third, or 
internal coat of the bladder. It is constantly bedewed with a 
mucous secretion^ that serves to defend it from the action of 
the urine. It is to the exhalation, also, from this, that, accord- 
ing to De Blainville, the urine is indebted for much of its 
watery particles. 

Having now traced both the solid and liquid excrements to 
their final expulsion from the body, let us return to see what 
becomes of the nutritive part of the food. 



Chapter VI. 
OF ABSORPTION. 



Not only is there a constant addition of new particles to the 
system, supplied by the food, and conveyed by certain ducts, 
but there is, corresponding to this, a constant removal of old 
particles, which, having done their duty, require to be taken 
away, and their place occupied by others. Both these offices 
are performed by a system of vessels, which we have now to 
consider, termed Absorbents; and they are distinguished into 

L 
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laeteals and fymphatieg, according as they aie generailj employed 
in the former <^ the latter function. 

It will be remembered we left the food just when it had 
been divided into its nutritive and excrementitious portioncb 
and tracing the couise of the latter, had reserved the fonn^ 
for future consideKation* To this we must now direct our 
attenti^i. 

Asellius, in 1622, being engaged in diaseetiDg a dog, whieh 
he had opened soon after it had fed, observed a series of resadfl^ 
which were neither arteries nor veins, bnt filled with a white 
milky fluid, running along that fine transparent membiaiM^ 
called mesenterjfy which, as we have said, binds the intestines 
to the back-bone. Delighted with his discovery, he denomi- 
nated these newly-found vessels laeieais {laCy milk), and, in 
<Mrder to trace their connexions and uses, he opened another dog 
the next day, but, to his great disappointment, could not 
observe the smallest white vessel. He b^;an to consider what 
oould be the cause of this, and then remembered that the last 
dog had been opened after a whole night's fasting, while the 
first had previously had a good meal. He therefore fed a third 
dog abundantly, and having opened him, found ^ everything 
more^^nanifest and brilliant than in the first case." The vessek 
therefore were themselves transparent; they owed their white- 
ness to the chyle contained in them, and presented at once the 
course by which this was conveyed £rom the stomach towards 
the circulation. As this was a matter very much disputed at 
the time, Asellius gave his whole attention to the subject ; he 
made numerous dissections of living animals, in all of which 
he was able clearly to point out his new vessels. Their origin 
from the intestines was undoubted, &om their containing the 
c^le; but he did not succeed in making out their termination. 
This he supposed to be at the liver, which was then looked on 
as the oigan in which the formation of blood out of chyle viras 
perfected. 

In 1649, however, Pecquet, a French physician, being 
engaged in cutting out the heart of a dog, noticed a quantity 
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of white creamy fluid, pouing out from one of the large yans 
which he had seyered just where it joined the heart* Struek 
with the oddity of seeing a white fluid in the Uood, he thought 
at flist that he must haye opened into some abcese^ and that 
this was pu8 which it contained* Bui^ after some examina- 
tion, fiailing to find one^ he eomTnwMed pressing the parts 
about, to see whence it might oome; and on pressing the 
mesentery, the ladeaU of which happened to be fiill of chyle^ 
a large quantity of it was at once disbharged from the yein. 
This set him on looking for the mode of eammimication, and 
he soon found that the &Mf0a2ff, in place of nmning to the liyer, 
discharged themselyes into a slender duct, which he named 
thoracic*, and which, ascending dose to the back-bone, con- 
yeyed their contents into the left subekman yein, just before 
it <^ned into the heart* Obsenrations on this class of yessels 
became rapidly multiplied* They were found arising in 
greatest number from the small intestines, and at last their 
little mouths were discoyered opening on the foilUy and attract- 
ing to themselyes the e/^U by a peculiar yital power of selec- 
tion* Their extreme minuteness, also, qualifying them to act 
as capUlaries, may &your the ascent of the liquid. Before 
joining the thorado duct, they pass through a number of gem- 
gUay or firm reddish masses, placed genendly at the union of a 
great number of yessels. In these glands it is supposed some 
further change takes place, by which the chyh is more animal- 
ized and more fitted for becoming part of the blood. The 
number of these glands in the mesentery is about a hundred. 
We Kepresent some, and the course of the lacteals through them. 
The little yessels are furnished with ytdye^ formed by folds 
of their internal membrane, and arranged in pairs, with their 
conyex side turned towards the intestines, so that any fluid can 
paaa upwards to the thoro/dc duct, but nothing can return, as 
the yalyes would present it. These yalyes are another means 
by which the cl^U is caused to advance towards the blood; 

* Becaofte the principal part of It ia found in the haidc of the thor'ax, or chest, 
doM m iba iMb^one. 

L 2 



for, if we Buppose the lacteals, loaded' with dyle, to be pressed, 
as they would he, by the action of any of the neighbouring 
mu^clee, it b clear their contents cannot remain stationary, as 
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this would be contrary to the laws of fluids under pressure, 
neither can they go backwards, the valves preventing this, 
therefore they must go forwards, that is, towards the thoracic 
duct. This duct itself opens into the vein by a valve, which, 
while it permits the discharge of the chyle^ prevents any blood 
entering; and it is this structure that so long kept us in igno- 
rance of this set of vessels, as, without it, the injections which 
were constantly thrown into the arteries and veins by old ana- 
tomists would readily have entered and filled these also. 

In the engraving, the heart and lungs, diaphragm, livers 
spleen, stomach, &c., are all supposed to be removed. Nothing 
remains but a fold of intestine, c c, attached to the back-bone 
by the mesentery, m, the white lines on which represent fee- 
tecUs arising from the intestine, and after passing through some 
of the glands, g g gy directing themselves towards the back- 
bone, where, by their union, they form a a, the thoracic duct. 
This nmy be traced up along the back-bone until arrived at 
the top of the chest, where it bends down and discharges its 
contents into y, the subclavian vein, just where this latter 
unites with x, the carotid, to form s, the superior vena cava, 
which we . know passes directly into the heart. Numerous 
fymphaiicsy b b^ may be observed running from each side to join 
the thoracic duct in its ascent. The dark shades behind them 
indicate the ribs. 

If we now imderstand the nature of the ladealSy we shall 
have little difficulty in extending our views, and comprehend- 
ing that vessels exactly similar in nature and structure are to 
be found in all parts of the body, but as there is no chyle for 
them to carry, they are loaded with a clear, transparent watery 
fluid, which has gained them the name of lymphatics {lympha, 
water). This transparency both of themselves and their con- 
tents, caused the discovery of them to be delayed for some 
years after the lacteals were known. Rudbeck seems entitled 
to the honour, though Joliffe and Bartholin have their several 
supporters. Since their time, some of our countrymen have 
been amongst the most distinguished investigators of the 
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absorbent system. We may mention Dr. William Hunter^ 
Monro Secnndns^ Croiksbank, and Hewson. 

The iymphaticB have their origin by open months on all the 

surfaces of the body. Thus they commence at the pores of 

the skin, on the internal surface of the bladder, in the cayity 

of the abdomen, &c. They are generally arranged in two 

principal series, the one just beneath the skin, the other deep 

among the organs of the body. They almost all tend towards 

the thoracic duct, where their fluid is mixed with the chyle, 

and conveyed along with it into the subclavian vein. Mr» 

Bracy Clarke, however, has noticed the important fact, that 

some of them discharge themselves into the veins nearest them. 

without passing by this longer route. As the lacteals passed 

through glands, so also do the lymphatics and some of these can 

frequently be seen forming a knotty chain along the necks ot 

children aiSected with scrofulous diseases. As they advance, 

the lymphatics imite to form larger trunks, but not with the 

same regularity as the veins, for sometimes after uniting, we 

see them again divide. Finally, however, they are reduced to 

three or four great trunks, which run to the thoracic duct. 

This duct is a vessel of considerable size, and arises from the 

union of the lymphatic trunks of the lower extremities with 

those of the abdomen. At^he place of junction there is gene* 

rally observed a dilatation like the bulb of a thermometer-tube, 

and this has got the name of reo^ptaculum ekjfU, This is more 

distinct in the dog and the turtle than in man. The duct ia 

sometimes double, or divided into many branches, to which 

attention should be paid in making experiments, as persons 

tying one branch have occasionally proceeded to aigue as if, by 

that, they had totally prevented the chyle from entering the 

blood. 

It was the opinion of the old anatomists, that absorption 
took place by the veins, but the discovery of this system of 
vessels operated a material change. The lacteals evidently 
took up the chyle from the intestines; from analogy it was 
concluded then that the lymphatics took up their contents 
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from the several surfaces on which they opened. Thus mer« 
cuiy rubbed on the skm will produce salivation; other medi- 
cinal substances, narcotic or purgative, may be made to produce 
their appropriate effects in the same way. Through what 
channel could they reach the system, if not through the 
lymphatics? In consequence, the name of absorbenCs was given 
to these vessels as indicative of their action. The old doctrine, 
however, was not altogether resigned, and many believed, that 
though the lymphatics did absorb, yet they were very much 
assisted in their function by the veins. And this is nearly the 
opinion held at the present day. For a time the veins were 
completely excluded &om all co-operation. John Hunter 
filled portions of the small intestines with milk, which he oon^ 
fined so as to produce a degree of cUstension of the part; the 
milk was quickly observed to distend the lacteals, but no trace 
of it could be foimd in the veins. Similar experiments were 
made on other parts. He poured a solution coloured with 
indigo into the peritoneiimy and saw the lymphatics fill them- 
selves with it; so that the question was considered as finally 
set at rest. But M. Magendie has rendered the old opinion 
again probable, and shown it to be likely that the veins do 
absorb. In an experiment made along with M. Delille, he 
divided all the parts of a dog's leg except the artery that 
carried the blood to it, and the vein by which it was returned. 
He then inserted into the paw a quantity of upas poison; in 
four minutes its effects were visible on the animal, and in ten 
minutes it proved fatal. In this case it was /supposed that no 
communication could exist between the paw and the body of 
the animal, except through the vein; and therefi>re, that here 
the yem must be admitted to have been the absorbing organ. 
But as it was suggested to him that lymphatics generally 
accompanied the course of veins, and that it might be said 
seme small ones had crept up along the coats of the vessels 
which he left undivided, he determined to make his experi- 
ment totally unexc^tionable. With this view he made the 
preliminary steps as before, and having introduced two small 
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tubes into the vessels, he completely divided them, so that the 
only comiexion nowremaiiiiiig was the current of blood pasrang 
through those tubes. The poison, however, produced the 
same effect as before. This seems decisive, yet there are still 
sources of error. If he inserted the poison, as would appear 
possible from his account, into a wound made in the paw, it is 
dear that he might then have been introducing it into the 
blood through the open extremity of a vessel, but this would 
not be the vein, in its natural condition, absorbing. It is also 
possible that some lymphatics might have existed in the paw, 
which, in place of running towards any trunk leading to the 
thoracic duct, discharged themselves into the nearest vein, 
and that thus the vein merely conveyed the blood, while the 
lymphatic absorbed it. Mr. Abemethy traced lymphatics to 
veins. Those who feel interested in pursuing this argument 
further, will find good accounts of the experiments made on 
each side, with remarks on the sources of inaccuracy to which 
they were liable, in Bostock's Physiology y or Elliotson's edition 
of Blumenbach's Physiology ^ a work of all others the most 
likely to interest and instruct the medical student. 

To us it appears clear that the lymphatics do absorb, 
whether they are assisted by the veins or not; and as the 
lacteals continually carry into the circulation new particles, 
which, being deposited in different parts, serve for the nourish- 
ment of the organs; so the lymphatics constantly'' take up 
from all parts of the body those particles, which, having per- 
formed their duty, are now superfluous, and convey them also 
to the circulating current, where, by a new process, they are 
fitted to undergo new combinations, or else are expelled from 
the system by means of the secretory oigans. That this 
change is really going forward we have the clearest proof from 
Du HamePs experiments on bone. He fed a pig with madder 
for a few days, and found its bones deeply tinged of a pink 
colour. Confining it then to a different food, the pink colour 
went off. On examination it was found that the pink colour 
adhered to the earthy part of the bone, and consequently that 
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t^ the hardest material in the body, was deposited and ab- ' 
s(»rbed within a very short time. Now the deposition is made 
from the minute branches of arteries, the absorption by thi9 
lymphatics. The two processes are going on together, and isx 
due proportion to each other. Should either preponderate, 
disease is the result. Thus, should the fluid that constantly 
moistens the serous sacs be exhaled faster than absorbed, a 
collection of it takes place, constituting dropsy. On the othec 
hand, should the absorbents at any particular part of the sur^ , 
face take away £aster than the arteries lay down, a breach of 
continuity is the consequence, and an ulcer is formed. Advan- 
tage of this is taken in treating certain tumours, from which 
a Arm and equable pressure cuts ofiP or diminishes the supply of 
arterial blood necessary to their growth, while the absorbents, 
continue to remove. The tumours are thus rapidly diminished, 
and disappear. This end is accelerated by the use of bleeding^ 
low diet, and other means calculated to diminish the power 
with which the blood is sent towards the diseased part. Ab« 
sorption is also of so much use in determining the figure of the , 
body, that John Hunter used to call it ^^ the modelling pro- 
cess." When a bone is broken, and the edges placed together, 
they are found, after a time, imited by a hard irregular bony 
mass, forming a protuberance, like a wen, around the regular 
bone. The more distant the period at which we examine it, 
the less we find this protuberance, \mtil at last it is completely 
removed, and the whole bone restored to its original shape. 

How far matters can be absorbed from the skin has given 
rise to some controversy. We before mentioned that certain 
medicinal substances proved efficacious when applied to it, but 
as, in these cases, Mction is always used, it is doubtful how 
far this might have tended to lay bare the extremities of the 
vessels, and even have forced some of the matters into them. 
It was asserted that the simple immersion of the body in water 
gave an addition of weight, in consequence of some of the fluid 
being absorbed. This was denied by Seguin, who maintained 
that while the skin remained entire no absorption could take 
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from the suifisu^ ; and lie ingeniously attempted proying his 
opinion by immersing the body in baths holding in solution 
certain salts^ which if taken into the system, would manifest 
themselves by their peculiar effects. For instance, he used 
solutions of corrosive sublimate, which, if absorbed, would pro- 
duce salivation. This he never found to occur. 

Dr. Currie accurately weighed a person before and after 
immeision in a warm bath, without detecting any difference ; 
he therefore concluded there had been no absorption. Dr. 
Bardsley made the same experiment, with the same result, but 
drew a directly opposite conclusion; for, said he, as under such 
circumstances the exhalation firom the lungs must be much 
increased, the absotption from the sur&ce must evidently be 
great to counterbalance it, else there would be a loss of weight. 
Dr. Edwards has embraced the same side, and, by the accuracy 
of his experiments, seems to have decided the question. He 
experimented on a lizard, previously reduced by exposure to 
air, which had caused a great loss of its fluids by transpiration. 
fie then placed it in water, so as to immerse only the tail, 
hind legs, and hinder part of the body. It was afterwards 
weighed at distant intervals, and found gradually to have 
increased in weight, until it had regained its original ^ze and 
plumpness. This absorption was not mere imbibition, limited 
to the sur&ce; the water penetrated deeper, and was distri- 
buted through the system*. 

* [1. M. DutitMJliet put some albumen, or white of egg, into a wide glass tube> 
and carefully poured water upon it from abore ; but flie line of demarcation 
between the two fluids remained distinct ; therefore, albumen has no affinity for 
water. M. Dutrochet, however, separated the same fluids by a menUtrane, and 
the water passed across it, and q>eedily mixed with the albumen. 3. M. Du- 
txochet took the bUnd-gut of a chicken, filled it half-full with 196 gntins of 
milk, and having carefully tied up its opea extremity, immersed the whole in 
water. At the end of thirty-six hours the bag was quite swollen, 117 grains of 
water having been imUbed. From this period a gradual dimimOkm of weight 
took place ; in thirty-«ix hours fifty-four grains of watery fluid had passed out of 
the little bag, and the milky fluid which remained had become putrid. So long 
as the fluid within was denser than that without, absorption or imbibition con- 
tinued; but no sooner had decomposition rendered a portion of the milk thinner 
and more limpid than the water itself, than that portion was poured out into the 
sniTomiding medium. There is a huge olass of esqperimeatal facts similar to 
the above, in all of whidi a more limpid fluid will pass across any organic mem- 
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There are one or two other &cts which tend the Bstme 
way. ludiftbetes, the weight of urine passed in twenty-four 
hours, sometimes exceeds the weight of food and drink taken, 
by more than the loss of weight in the body during the same 
time. Whence, then, can the surplus be derived, but from 
absorption? The practical application of the doctrine is often 
witnessed at Newmarket, where a jockey who is anxious to 
keep himself below a certain weight, to which he yery nearly 
approaches, will, on the morning of the race, much more 
readily eat a hearty meal than venture on a glass of spirits, 
the stimulus given by which to the action of his absorbents 
would, he well knows, particularly if the air be damp, soon 
put him beyond his appointed bounds. 

We have now traced the food through its various stages* 
We have seen it chewed and mixed with saliva in the mouth; 
swallowed by the muscular action of the pharynx and gullet; 
mixed with a solvent juice in the stomach, and gently acted 
on by its vermicular motion, until converted into a pulpy 
grayish matter, termed chyme; passed from that into the dwh 
denumy where, by the action of the bile and pancreatic juice, it 
was separated into chyle and excrement; we observed the latter 
as, urged on by the perUtaUic motion of the small intestines, 
it proceeded, gradually losing its fluid particles, and becoming 
more consistent as it approached the rectum, from which it 
was discharged; returning, then, we saw the chyle taken up 
by the numerous mouths of the kuiealsy opening at the sum* 
mits of the villi of the small intestines; from these it passed 
into the mesenteric glands, the office of which is not well 

Inane to mix with one that is leas so. 3. M. Poisenille endeavoured to intsro- 
dnoe water into glass tabes of an extremely small calibre, but invBriably Isiied. 
Vo BdotuBt, however, had he thickened the water with albumen, or gam, or 
gelatine, than the denser fluid readily traversed the same tubes, tiiroogh which 
BO artificial power could force it in its pure and Itmidd state. 

The first of these experiments teaches us that the tenuity of external media 
is one essential condition of their absorption by organic membranes; and the 
seoond that the same condition is necessary for the excretion of tiie same. The 
third experiment tells ns that the viscidity of vital fluids, so for Itom. cloggiDg 
the extremely minute canals through which they pass, as oar preconceived ideas 
bad led OS to sappose, is, indeed, one eseential condition of their drcnlatloii.] 
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understood; afterwards into the thoracic duct, by which, 
finally, it was conyeyed into the current of the blood. 

Our next inquiry, therefore, must be into the nature of the 
blood, the means by which it is supplied to all parts of the 
body, and the uses to which it is supplied. 



Chapter VII. 
THE BLOOD. 



If we take a frog alive, and place lus foot under a good mag- 
nifier, taking care to spread out the toes, so that the light may 
traverse the fine web between them, we shall distinguish the 
Mood flowing through the vessels by which the part is sup^ 
plied. After the eye is a little accustomed to this novel and 
pleasing spectacle, in which we detect Nature, as it were, en- 
gaged in her secret works, we*begin to observe that matters of 
different kinds seem to pass through the vessels. Towards 
their sides is a thin watery current, generally limpid and 
colourless, while in their centre, apparently borne forward by 
this current, is a column, more or less dense, and formed of 
jelly-like globules, irregularly collected together. Should any 
impediment to their onward passage occur, they become col- 
lected in numbers at the place of the obstacle, the vessel is 
distended, this distensdon causes pain, their numbers produce 
increased redness, the effort to get them forward calls forth 
increased action of the arteries, giving a feel of throbbing, 
more blood is sent to the place, more heat given out, and the 
whole part swells. Such a condition of the part is called In- 
flammation. From this inspection we have learned that the 
blood consists of two very different parts, the watery fluid, 
and the globules, or little round balls of jelly-like matter that 
swim in it. As long as the blood continues in circulation 
these two parts continue mixed, so perfectly, as to present the 
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appearance of a simple fluid, generally red, but varying in its 
shade in different animals, and also in different parts of the 
same animal. But when withdrawn from the circulation, and 
allowed to stand, it soon affords a proof that our micrbscopea 
did not deceive us, by separating into two portions, — ^the fluids 
termed serumy and the solid, formed by the coagulation or 
running, together of all the globules, to which the name of 
crasscunentum or clot is given. The redness we find all en- 
tangled in this latter, leaving the terum free, and nearly 
colourless. 

So £sur we have an analysis made for us by nature; we are 
BOW obliged to call in the aid of art. 

The clot floats in the serum, so that we can take it out; 
and by letting it drain, have it almost quite distinct and sepa- 
rate. In this state it appears a red spongy mass, the colour 
and consistency being generally best marked towards the 
bottom. If we now expose it to a stream of water, we shall 
soon see the colour washed away, and nothing left but a white 
jelly-like mass, to which the name oi fibrin is given. It is 
evident, then, that the globules of blood consist of two parts, 
to the one of which it owes its consistency, to the other its 
colour. We may separate them in another way, which Ruysch 
first taught ufi. He used to stir, with a small bundle of twigs, 
the blood while congealing: the pure and colourless fibrin col- 
lected on the twigs, while the colouring matter remained 
behind, mixed up with the gerum. It was from the fibrous^ 
stringy appearance assumed by the coagulated part in this 
experiment that it obtained the name oifiMn; the colouring 
matter has since been named by the French hoBmatosine (from 
alfjMy blood). The next point was to consider how the little 
globules we have mentioned came to form fibres or strings. 
This has involved so much microscopic investigation and dis- 
cussion, that we almost fear to enter on the question, particu- 
larly as we consider such investigations to be peculiarly liable 
to error. The idea most ordinarily followed, and which is 
supported by Sir Everard Home, M. Bauer, MM. Frevost and 



Ifi8 THK BIOOB, 

DuDUis, and otben, is, that the globule is formed of k ceirtzal 
put, wMeti ia the true^brin or fy«)pi, euirouuded hj an enTe< 
lope of oolouiing matter. Globules, siinilar to the central part, 
ara to be ioimd in the Ayle. This also contains Benim, titers- 
fore nothing is wantijig to form it into blood but t^ colonriag 
mattw, which it ia eappoMd is giyexi hy the Innga. According 
to others, the ooloeniiig matter fonns diatinct globules, and, in 
addition to both theae, M. Baoei baa diwovered a third idni 
of ^obvl^ formed altogether of fympA. Thia is the most 
important part of the blood. From its plasticitj it eeema 
onunently adqited for dodng np bleeding vessel^ uniting parts 
that have been separated, and repuring anoh as have been 
injured ex deatroyed. In consequence of its general ulilitj, 
we find it generally difiiised, CHobules are found, and coagii» 
lation takes place perfectly in the blood of the lobster and 
other whit«-bIooded animals, in which the colooring matter is 
totally deficient. PreTiona to coagulation a vapour is given off 
by the freshly-drawn blood, which has a very peculiai smell, 
and is found to conaat chiefly of water, holding in eolutioo 
some animal matter, which gives it a great tendency to putrefy. 
When coagulation commences, the fibrin, or centre parts of 
«ach globole, exert, according to Sir E. Home, a mutual attnu>< 
tli»i. They bunt from their coloured envelope, and run 
together in an irregnlar manner, but so quickly, as to entang^ 
the coloured envelopes, which are thus made parts of the clot. 
The mode in which the globolee ran togethJar in M. Baaet*a 
mimoseope is thus represented by himself. 
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Slmck hy the appearanoe of elongation pnodneed by lune 
of these collections of globnlea, and aware that ihe chemical 
Gompoation of fibrin sod muacnlar fibre was the aame. Sir 
Everard Home induced H. Baner to extend his inquiries to 
the formatiini <f thia latter. The difficnltjr of pioeuring a 
single fibre tensed some delay, but at last one vas proonred 
firom the thigh of a roaat chicken, and on b^ng mibmitted to 
the magnifier, presented exactly the 
wUied-for ^peaisnce of a numbra of 
globules, connected t^^ethtf in a right 

The whole theory waa, therefore, 
dear. The blood vas thrown out from 
the extreme vesaele; the globules co- 
agulated and attracted one another, so 
SB to form fibres; and, that nothii^ 
might be wantii^, MM. Prerost and 
Dnmas pasfied an electric shock through 
fluid blood, by whidi its coagulation 
waa much hurried, and this aulcii^ to. 

gether of the globules was declared M^oUWTiBwof h™- 
analogous to the contraction of the cniaraim. 

mnacle; while Dr. Wilson Philip seemed to wind up the 
demonstration, by showing that the nerrooa inflnence was 
similnr to the electric fluid. But not content with discovering 
ttie mode of formation of a dngle fibre, Sir ETerard went on to 
diDw how this same blood, when effused and coagulated, can 
become orgamzed, intersected with blood-TeBsels, and capable 
of forming a living bond of union between two parts of the body 
that had been separated by a cut or wound. We know the 
first effect of a cut is to cause an efluaion of Wood, which gene- 
rally continues until some of it coagulates in the wound, and 
thus stops up the ends of the bleeding vessels. If the wound 
be then covered up and kept quiet, it will rapidly heal; if the 
oppodte udes of it be not qnite in contact, they wiU appear 
united through the medium v£ the ^ph at fibrin of the efl^osed 



IGO THE BLOOD. 

bloody and the whole will be covered over by a new skin. The 
fymphy on examination, appears intersected with blood-vessels; 
it is henceforth a living solid, and partakes of the nutrition of 
the parts. How has this occurred ? 

In making observations on the growth of certain plants, M. 
Bauer observed, that occasionally a little bubble appeared on 
the side of the young root, surrounded by a viscid slimy sub- 
stance; the bubble would then burst with force, so as to 
extend the slimy matter to the length required for a little 
fibril or rootlet ; the gas had passed through the centre of it, 
so as to make a tube, and the slimy matter instantly coagulated 
round this. It struck Sir E. Home that the vessels in the 
newly thrown out lymph might be formed in the same way. 
This gas M. Bauer ascertained to be carbonic acid ; and Dr. 
Maude had shown that the same was given out by blood when 
coagulating. Could it then be applied to the same use ? Sir 
Everard set to work. He punctured his arm with a lancet, so 
as to draw a drop of blood, which was received into a watch- 
glass in a fluid state, and placed in the field of the microscope. 
The eye was then kept constantly fixed on it, to note the 
changes that might take place. The first thing that happened 
was the formation of a film on the surface, that part beginning 
to coagulate sooner than the rest. In about ^ve minutes some- 
thing was seen, to be distinguished in difierent parts of the 
coagulum, beginning to show itself where the greatest number 
of globules was collected, and firom thence passing in every 
direction, with considerable rapidity, through the serum, but 
not at all interfering with the globules themselves, which had 
all discharged their colouring matter. Wherever this extri- 
cated matter was carried, a net-work immediately formed 
through every part of the coagulum. 

The annexed plate gives the exact representation of the 
appearance the drop of blood put on, when coagulated, as seen 
in the field of the microscope. 

All this net- work here represented was made by the car- 
bonic acid extricating itself during coagulation. It presents^ 



therefore, so many readj- 
fonned tabes, fit for the 
reception of any blood 
that might be poured out 
near them, and, therefore, 
prepared to cany on the 
droulatioa of this nevrly- 
oifjamzed part. 

We have gone throt^h 
these speculatioQB of Sir 
E, Home, because they 
are in^nious and con- 
nected, and will serve to 

give our readers an idea of the usual style of such mvestiga- 
tions. It b clear, however, without going into a formal refii- 
tation, that he has scarcely got beyond a bare probability. 
Almost every one of his facta have been denied or questioned 
by men equally accurate, and eqnally able. Dr. Young, sup- 
ported by the lat« observations of Dr. Hodgkin and Mr. Lister, 
assures qb that the globules are no globules at all, but little 
flat rounded cakes, with a depression in the centre. They also 
deny that they are composed of a nucleus and enTelope. This 
central depression, the Abb6 Torre magnified into a perforation, 
and concluded that they were neither globules, nor flattened 
circular bodies, but rings. He made hia observations with 
little sphericles of glass, formed by dropping melted glass into 
water, and it was the peculiar form of bis instruments that led 
to the error in his observations. Many authors have conjec- 
tured that these globules alter in shape, narrowing themselves 
to enter the minute capillflry vessels, and again resuming their 
rounded form when they reach the wider passages; while 
Hallei and Spallanzam have not been able to disUnguiah any- 
thing but an uniform fluid in the capillaries, Irom which M, 
de Blainville draws the conclu^on, that the globules termiitate 
by being dissolved into a soft, viscid, plastic mass, before they 
are finally applied to the purposes of the formation of muscular 



fibres, or the repairing injured parts. This at once puts an end 
to the idea of muscular fibres being made up of globules, whidi 
idea is indeed equally refuted by the microscopic observatian^ 
of l)r. Hodgkin and Mr. Listier. The nze of the globules 
has been a point equally disputed, and they hare been stated 
at almost every mze from the n/wth down to the itfvwth pari 
of an inch. Sir Ererard Home made two observations ; in the 
first the globule appeared ivVvth part of an inch in diameter; 
in the second, ^vVvth. Such a remarkable difference migiA, 
appear sufficient cause for repeating or altering the observations^ 
but Sir Everard took an easier way, and assuming ^vVvth the 
mean of his two observations, made ihat the standard*si2e for 
all the globules of the human blood. 

The size of the globules varies in different animals, but this 
variation bears no relation to the size of the animals. The 
ahape also varies, as we are told they are elliptical in fishes^ 
reptiles, and birds. Dr. Young found them of an almond shape, 
and extremely large in the skate ; Rudolph! found them more 
or less oval in the common fowl, and many amphibia; Hewson 
found them larger in the foetus, than in the adult animal ; and, 
what was very singular, Prevost and Dumas found those of the 
chicken to be circular until about the sixth day, when some 
dliptic globules first appear, and in a few days more not a 
single circular one can be found*. 

The eoUmring matter of the blood has been much studied, 
and is little imderstood. It has been most usual to attribute 
it to certain salts of iron, which, dissolved in serum by the aid 
of an alkali, were said to produce the exact tint of the blood; 
This has been denied, and even the presence of iron in the 
blood doubted; but it [seems fuUy established, by the experi- 
ments of Berzelius and Engelhart, that it does exist, and is 
connected, not with the fibrin or serwny but with hcBmatosine, 
They conclude, therefore, that though in very small quantities^ 

[* The blood globnloe of mamtnalg are oansidered tohave the fonn of • citen^ 
lax lens, with the exception of thoae of ruminants, which M. Mandl states to be 
ellipticaL] 
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not exceeding one-half per cent^ it mnst be in some way copb- 
nected with the colour of the blood, but in what way they 
oonld not decide. Dr. Stevens has since suggested that the 
colouring matter is a peculiar animal principle, containing a 
laige proportion of carbon, to which we can only say, we think 
it very possible; perhaps in his future researches he would 
consider how far the bronchial glands, which we find constantly 
black with carbon, may contribute towards the formation of 
this principle. It is at any rate not an essential part of the 
blood, for many lower animals^ such as insects, molluscs, and 
Crustacea, are yeiy well nourished by a blood that haa no 
colour.' Farts also of the human body are supplied by vessels 
80 small, that they convey nothing more than the plastic lymph 
of the blood, rejecting the coloured particles; such are the 
serous membranes, and certain coats of the eye. It is only in 
cases of inflammation that these vessels become dilated, so as 
to admit red particles. Every one knows this to occur in a 
hbod-shoi eye. 

The MTum is the remaining part of the blood after the 
fibrin and coiiowring matter are removed in a dot. It is a thin 
fluid like whey, with a slight yellowish or greenish tint, unc- 
tuous or slippery between the fingers, and containing a certain 
proportion of salts. When exposed to a heat of 150"* (Fahren- 
heit), it soon becomes opaque in consequence of the albumen 
which it contains being coagulated. This albumen differs in 
little firom the fymph or fibrin^ except in being fluid. Their 
chemical constitution is almost the same, and they are applied 
to the same uses, the nourishing of the body. The allTumen 
or white of e^y is in &ct the earliest nutriment of the chick^ 
and the same principle is also found in the seeds of plants^ 
afibrding the earliest materials for their growth before the root 
has established a connexion with the earth, or the leaves with 
the air. It may be discovered with a microscope in the serum, 
under the appearance of little imformed flakes; these have 
been observed to form slowly into colourless globulesf, and even 
have been found, towards the dose of exhausting luemoirhages^ 

u2 



{o'eongulate dpotttemeously, and fonaung a clot at ^he ^o^U). 
4)(f the 'V^easelS) to termijaate the bleeding. This interestii^fj^tx 
first Bioticed by Dr. Maoartney, fully confirms the ylew starteti 
by BerEelius^ that albumen and fibrin are merely modifioation;^ 
of the' same substance, less perfect in the former, more perfect 
ih the latter. 

• There is still another constituent in the blood, termed 
farMMfy. This is procured by pressing the albumen that has 
coagulated, when a certain portion of. a thin . watery fluid, 
holding in solution animal matter and a little salts, exudes. It 
is' well known under the name of gravy, and is seen to run out 
oii cutting meat that has been dressed. We thus see that the 
blood in the higher orders of animals^ is a veiy complicated 
principle, complicated in proportion to the number of different 
ovgans it has to maintain, axld the different secretions for which 
it* must supply matter. Its importance to the whole frame i^ 
ivell known ; it penetrates every tissue, affords them the ma- 
terlaHs necessary for their growth, and the stimulus that enables 
th^m to act. Without it the nerve could neither feel nor 
eonvey the commands of the will. When, in sitting, we press 
on the nerves of the thigh, so as to impede the passage of the 
Mood into them, the leg and foot lose all sensation and motion^ 
ihey become what is commonly termed asleep. When we rise 
or shift our situation, so as to take off the pressure, the blood 
commences to flow again, and our first perception of its returoj^ 
as our earliest perception of life, or the first sensation of a mail 
teoovering from drowning, is accompanied by pain. There is a 
disagreeable, unpleasant, pricking feel, commonly known a^ 
^'pins and needles," which is produced by the blood re-entering 
the< minute vessels. If this impediment to the flow of blood 
be continued, the part dies. On this principle sui^eons act 
when they remove certain excrescences, by what is termed 
*^ ligature." They tie a string tightly round the neck of the 
excrescence, so as to strangle the vessels going into it from the 
body ; the excrescence, no longer supplied >vith blogd, dies.; 
tad as dead matter cannot attach to living, it slouffhs^ ai^ is 
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i^'W. ' So tnie id it that ''the life of all flesh ia the blood 
tifeifebfi*'" The quantity of this fluid contained in the body of 
an ' ^d'alt has b^en very Tariously estimated. Allen makes it 
scaively mote than eight pints ; Harvey, nine ; Borelli, twenty i 
Hailer, thirty ; Riolan, forty ; Hamberger, eighty ; KeiU, a 
hundred ! The former, Blumenbach says, are evidently maoh 
^eai^r the truth. It is evident, however, that any arbitrary 
[Statement of the quantity of a fluid, whieh probably varies 
after every meal, must be incorrect, and merely allowed as an 
approximation. The fluids of the body are generally considered 
as forming five-sixths of its whole weight, and the solids only 
one-sixth ; perhaps, indeed, the proportion of fluids .may be 
&irly set down as still greater. Sir Joseph Banks had sent him 
dL perfectly dry mummy of a Guanche, from the island of 
I'enerifie, which, though perfect, and containing all the inte»* 
fines, weighed but seven pounds and a half. The bodies of 
pentons overwhelmed by the sands in the Arabian desert am 
diso occasionally found, which, from the parching nature of the 
soil, have been dried up so suddenly as to allow no time for 
putrefaction, and these ai'e said to weigh generally ten to twelve 
founds. When containing all their fluids, they probably did 
not fall short of a hundred or a hundred and twenty. Now all 
these fluids either were blood, were intended to be such, or had 
been such ; that is, existed ^in the state of chyle, or matters 
taken in by the absorbents, and which were on their way to 
enter the circulating fluid ; or having entered it through the 
veins, and undergone the action of the heart and lungs, appeared 
sk perfect blood in the arteries; or, finally, being conveyed by 
iliose arteries to the several secretory organs, had been separated 
in the form of secretions, such as the bile, urine, &o. But as 
^e do not know the proportion which the first and third of 
these dasses bear to the second, we cannot from this dedutoe 
anything respecting the quantity of blood in the eirculatidfe]^; 
The usual estimate' is froin fifteen to twenty pints; . we haveioo 
means of giving a more accurate valuation. / . ., ( 

Variations in the quantity of the blood are prodiiotivettof 
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many and serious diseases. When it is not fonned in sufficient 
abundance, as may arise from derangement of some part of the 
digestive oigansy we see emaciation and debility come on; or 
' the sudden withdrawal of a portion of it, by the operation of 
bleeding, will cause fainting and temporary weakness. A 
superfluity of blood is equally dangerous. This is termed 
plethora* y and most usually occurs at the period of life when^ 
the body being completely formed and knit, there is no further 
demand for the supplies which a powerful digestive system 
still continues to furnish in the same abundance as before. If 
these are not worked off by active exertion, or diminished by a 
moderate and temperate diet, the blood becomes too rich and 
copious, and Nature attempts often to relieve herself by dis- 
charging a portion of it. These discharges more commonly 
take place &om the nose, or from the extremity of the intestinal 
canal, under the form of bleeding piles, and are most usual in 
persons of about forty or fifty, who use little exercise, and 
indulge freely in the pleasures of the table. Should the dis- 
charge, however, take place from the small vessels of the brain, 
the effused blood will press on the brcdn, and cause those pre- 
liminary apoplectic attacks that often occuir about this period. 
The tendency to these is much increased by the use of stimu- 
lating liquors, by fits of passion, or by wearing tight neck- 
cloths, which, pressing on the jugular veins, prevent the free 
return of the blood from the head, while the arteries lying 
deeper, are not affected by the same pressure, and continue to 
supply the head in the usual quantity. 

Another mode in which the superfluous blood is got rid of^ 
is by being employed in the deposition of &t. It was the old 
idea, that fat was secreted by certain glands destined for that 
purpose, but as no such glands can be discovered, it is now 
allowed that it is formed in the circulation, and deported from 
the sides of the vessels, more particularly the veins. It exists 
in a great variety of forms, as oil, marrow, fet, spermaceti, and 
suet, which all contain the same principles, and only differ in 

* vXqdcJ^a ; from nrXijdei;, to fill, to inundate. 
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aoUdity. These principles M. ChevreTil, who has particularly 
^veatigated this suhject, has termed daine* and^eanndf/ the 
predominance of the former renders the componnd more fluid, — 
o{ the latter, more solid. That it is deposited from the sides of 
'veins, we can, in some measure, satisfy ourselves, by examining 
at any butcher's stall, the caul of a lamb, which is generally 
spxead over it as an ornament. We observe the fat here 
not uniformly laid over the entire surface, but deposited in 
stripes, or ribands, taking difierent directions, meeting together, 
and again parting, so as sometimes to approach the appearance 
of lace. In the centre of each of these ribands we shall And f| 
Tein running, and the deposition first takes place round its cir- 
cumference, from which it gradually spreads out. This depo- 
ivtion, also, is most abundant in those animals in whom the 
venous blood bears a large proportion to the arterial, such as 
the whale-kind, where we always find an immense quantity of 
blubber underneath the skin, and in the cachailoty or spermaceti 
whale, a collection amounting sometimes to eighteen or twenty 
tons of the fluid fatty matter, from which it derives its name, 
and which occupies two large caverns on the upper surfSace of 
its head. In the high-flying birds, in whom, on the contrary, the 
airterial blood is more abundant, fat is rarely deposited. It in* 
creases in those which nestle on or near the ground, and make 
Jess distant excursions; such are the partridge, the bam-door 
fowl, and many small birds. In water-fowl the quantity of 
venous blood again predominates, as the darkness of their flesh 
would indicate, and we well know the quantity of rich, rancid 
&t, often found in their bodies. When to this natural dispo- 

* "Etam. f Xoioy, oil ; as ramaining liquid at ordinary temperatures. 

t From artoifiy suet; which, in such circumstances, is solid. Advantage has 
tteen taken of this to separate ttiese two principles. If common oil be exposed to a 
low tonperBtare* its ttearine congeals, while theeUtine remains liquid, and may be 
separated from it by pressing between folds of bibulous paper. In this pure fomx 
it is used In grearing the wheels of watches and other delioate machinery, whioh» 
!«hen the oil was used entire, were often clogged and stopped by the oongelatioa 
of the stearine, consequent on the first winter cold. This is one reason why 
•watches are more liable to stop at night, when laid on a table* iban during ^0 
day, when they are worn about the person. 
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sition we superadd a state of perfect rest^ when we bind an un- 
fortunate goose in a hoi close situation, debar it all motion, put 
out its eyes to prevent the entrance of any excitement firom 
without, and then cram it with food,- imder these unnatural 
circumstances the liyer becomes diseased, it swells, a rich oily 
&t is deposited around and in its substance, and it forms that 
delicacy so highly esteemed by the gourmand, but which should 
be abhorred by every man of humane feeling, the fiGur-famed 
**foie gras de Strasbourg." 

Fat is also formed abundantly in such animals as remain 
torpid during the cold weather. A little before the approach 
of winter they feed voraciously, and the fat collects in enormous 
quantities, chiefly about the intestines and mesentery, from 
which it is easily absorbed, and carried off for the nutriment of 
the system during the long sleep, when no sustenance can be 
silpplied from without. That such is its use, is evident from 
the fact, that however &t and plump they may have retired to 
their dormitories, they always re-appear thin and emaciated. 
Persons employed in himting the bear for the sake of his grease, 
know that this is always collected in most abundance towards 
the close of autumn. The fur, a more important object, is also 
in perfection at the same time, or perhaps a little later, when the- 
autumnal moulting is over, and he is completely furnished with 
his new winter-coat. Irregular accumulations of fat in different 
parts of the body occur in several animals. Of this nature are 
the humps on the back of the camel and dromedary, which, 
like the internal collections in animals that lie torpid, become 
much diminished when no food has been taken for some time ; 
this would seem an additional provision to fit the camel for 
traversing " the harren** as well as " the dry land." The hunch 
on the shoulder of the bison is nearly of the same description, 
mixed with much gristly matter, and is esteemed by the 
American Indians a high dainty. A very savoury description 
of the mode in which it is dressed, along with an animated 
account of a bison-hunt, occurs in one of Cooper's tales; and it 
is pleasant thus to find a fictitious scene based on the reality 
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of nature, — ^the colours of fancy adorning the ground-work of 
observation. 

The Cape sheep, it is well known, hare tails of such enor- 
mous size, as to require to be supported on little carriages, 
which they trail after them; the Bosjesman women, inhabiting 
nearly the same country, have similar fatty depositions on their 
buttocks, of which the person exhibited under the name of the 
Hottentot Venus afforded a well-known example. She died in 
Paris in 1815, and M.Cuvier, who had the opportunity of 
examining, reports that the enormous protuberance consisted 
altogether of an elastic tremiQous fat. It is singular that the 
same is found in certain of the monkey-tribe, as for instance 
the mandrils, inhabiting Guinea; and it would appear that in 
neither case does this coUection commence until the female 
has become a mother, or at least arrived at the age of puberty. 
General obesity is more frequently met with in the female 
tiiian in the male sex. This may, in part, be attributed to 
their more sedentary habits, but must also be influenced by 
the greater quantity of cellular structure in their bodies, 
which we know to be the most usual place for its deposition. 
Theyjwould appear, also, to have a greater proportion of venous 
blood, and this, in such persons, is found loaded with a rich 
oily matter, that requires only to be poured &om the sides of 
the vessels to harden into fat. De Blainville, who has adopted 
this idea of the origin of fat, mentions a singular fact in sup- 
port of it. He was engaged in dissecting an elephant that had 
died at the Jardin des Plantes. The animal had been long 
domesticated, highly fed, and, in consequence, had died of 
apoplexy. He was making some examination by the side of 
the jugular vein, which he chanced to cut slightly; return- 
ing the next day, he found that a certain quantity of blood 
had flowed along the neck. But what struck him most was, 
that the liquid had deposited to the right and left along its 
whole course a quantity of fine, white, greasy-looking matter, 
which he analyzed with great care, and found to be perfectly- 
formed &t. This he looks on as conclusive, that fiEtt is not 
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formed bj glands, but in the circulation, and exuded tbeiL 
&om the sides of the vessels. 

Remarkable cases of corpulence have, &om time to time 
been recorded. A man who was shown at the Palais Boyal^, 
weighed five hundred pounds, and was aknost as broad as long* 
Mr. Bright, of Maldon, in Essex, died in the 30th year of hia 
age, and had then arrived at the enormous weight of forty-four 
stone, or six hundred and sixteen pounds. He was five feet 
nine inches and a half high, measured roimd the chest, just 
under the arms, five feet six inches, and round the beUy six 
feet eleven inches. But the fattest person of whom we have 
authentic account was Daniel Lambert, of Leicestershire, who 
died at the age of forty, weighing seven hundred and thirty* 
nine pounds. Such men are seldom of extreme sensibility; 
the extremities of the nerves seem lost in the prodigious accu- 
mulation, itheir acuteness of sensation is blunted, and the 
mental feelings generally exhibit similar obtuseness. The dis- 
position is often easy and contented, they have none of the 
stronger passions; they are not given to plotting or devising 
plans. Men of anxious mind and irritable temper seldom get 
fat. With what justice does Shakspeare make Cssar say, 

Let me hare men aboat me that are fiit ; 
Sleek-headed men, and such as sleep o' nights; 
Yond' Cassius has a lean and hungiy look ; 
He thinks too much: such men are dangeroos. 

The influence of rest in producing this deposition is curi- 
ously exemplified in insects, in many of whom we find an 
abundant quantity of fat, while in the state of larva, which 
disappears as soon as they have sprung from this dull, motion* 
less, living sepulchre to " wing their way through fields of 
air." The use of malt liquor is another cause, and every one 
knows the fettening effect oi grains given to cattle. 

We have thus seen ihsit pUihora and fat are consequences 
of too great a quantity of blood in the system, ffyperfropfy^y 
or an imdue growth of certain parts of the body, may be men^^ 

* Fxom ^ir§(, oyer : and r^c^w, to nourish. 
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tioned as a third. This has been known to oocur in the brain, 
hearty and kidney. When the substance of the heart is 
affected by it> a most painful, and often incurable disease is the 
consequence. Alterations in the quality of the blood are 
productiye of equally serious affections. The blood in scurvy 
is more fluid, of a violet or grayish colour, and possesses a 
peculiar odour. It is probable that changes are produced in it 
by the effect of marshy exhalations, and perhaps the primary 
changes in some conta^ous disorders occur in this fluid, but 
observations are much wanting on this point. Dr. Stevens has 
not been by any means sufficiently accurate to satisfy the 
doubts which are proper on such a subject. His inquiries, too, 
have the misfortune of having been made to support a precon- 
ceived theory. 

The colour of the blood is well known to vary in different 
parts of the circulating system; thus, if we examine it in the 
Teins, or the right side of the heart, we shall find it of a dark 
red or purplish colour; but after it has passed through the 
lungs, and been there exposed to the action of the air, it be- 
comes of a bright lively red, and is so found in the left side of 
the heart and the arteries. Aristotle first made the remark, 
which subsequent observations seem to have confirmed, that 
the blood of a negro is darker than our blood. The tempera- 
ture of the blood varies in different classes of animals. In man 
it is about 98^ Fahrenheit,^ birds higher; in cold-blo^(led 
animals it is but little above that of the medium (wheth^ir'air 
or water) in which they live. We shall have occasion, H6w- 
ever, to speak more fully of these matters afterwards. A!ffcer 
death the blood usually coagolates in the vessels, and the clot 
thus formed in the heart, £rom the organized appearance the 
fibrin puts on, has not un&equently been mistaken for W dis- 
eased growth. In persons who die by banging or drowning, 
the blood ordinarily remains fluid. The same 'occurs after 
death resulting firom violent muscular exertion ; from locked- 
jaw, which, in fact, is very similar to the former, being a 
general spasm, or forcible contraction of the muscles; &om im- 
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presslons on the nervous system^ such as violent fits of passion ; 
and, it is also said, from lightning. In all these cases the bo^ 
sooner runs into putre&ction, as if the extinction of life had 
been more sudden and complete. In those cases, too, the body 
remains flaccid, and as the fibrin does not coagulate in the vea* 
sels, so neither do the fibres of the muscles assume their usual 
rigid contraction. 

John Hunter was induced to believe that the blood was 
alive, and that coagulation was its last vital act. The idefi 
of a fluid being alive is at first received with difficulty, but. 
when we reflect on our total ignorance of the nature of life, we 
must confess that no reason can be shown why it should not 
be conferred on a fluid as well as a solid. Besides, out of this 
fluid solids are formed. We have shown, that when blood. 13 
poured out into a wound, and coagulates there, its solid part 
becomes penetrated with vessels, which, uniting with the ves* 
sels on either side, carry on the circulation through it, and 
it becomes, to all intents, a living organized mass. Why, 
it is said, allow it life, now that it is solid, and deny it before 
merely because it was fluid? An impregnated egg, it is well, 
known, is alive. The principle of life in it prevents putrefac- 
tion taking place when the egg is placed, during incubation, in 
circumstances most favourable for its occurrence. It also 
enables it to resist cold ; and eggs which have been once frozen 
are more readily frozen a second time, the first congelation 
having destroyed the vital principle. An addled egg will also, 
freeze more readily than a fresh one. Now it is asserted that 
blood just drawn, and exposed to a freezing mixture, resists its 
influence longer than the same blood thawed and warmed to its. 
original heat will. This would be a strong corroboration of the 
opinion, and we believe that we agree with the greater number 
of physiologists of the present day, in considering the blood as, 
possessing at least a certain kind of vitality, in consequence 
of which, a mutual relation is established between it and the- 
vessels in which it circulates. 

The idea of transfusing blood, that is, transferring it from 
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ihe 'Vessels of one animal to circulate in those of another, was 
fixst put into execution by Dr. Lower. He found, that when 
^ aminal lay, after a copious bleeding, exhausted and almost 
Hffeless, it was immediately restored by conveying into its 
T«ins ai quantity of blood taken fresh from another animal. It 
-W^ Supposed that the application of this fact might be useful 
in medicine, — in short, that diseases were to be cured by sup- 
pl;ying the patient with a quantity of fresh healthy blood. 
The first experiment, however, of the kind proved fatal, and 
^oime other accidents occurring, the practice fell into disrepute. 
Latterly, however, it has been revived in a more rational man- 
ner, chiefly owing to the exertions of Dr. Blundell, and in his 
hands it has succeeded in preserving the lives of many females 
who were reduced to the lowest state of exhaustion in conse- 
quence of profuse discharges of blood consequent on child- 
birth. It is evident, however, in these cases, that the only 
object was the maintaining in the body a sufficient quantity of 
blood. No change in its quality was aimed at. 

From the belief that certain diseases originate in the blood, 
it has been suggested to apply our remedies to the fountain 
head, by injecting them into the circulation. We regret that 
ito decided success has been shown to attend this mode of treat- 
tiient. It was pretty extensively tried during the late melan- 
choly epidemic, and we do not believe it did much injury, 
efxcept when pushed, as it occasionally was, to the extravagant 
length of throwing in whole gallons of fluid. For the rest we 
inay say it had the fsite of other remedies. It had its supporters 
and its opposers. It was brought to combat a disease, the pro- 
gress of which was like the flight of the locust-tribes, " before 
them was a fertile paradise, behind them a desert waste ;" a 
disease of which we know the sad results, while the causes are 
0t!ll hid &am us; a disease against which it was justifiable to 
fly every expedient, yet in which we fear that it might often 
i^rkh thith be said, He who did least, did most. 
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Chaftsb VIII. 
THE CIRCULATION. 

Now having gotten tlie blood, the fluid by which all parte of 
the body are nouiishedy and out of which all the secretions are 
made, the next question is, by what means is it to be conveyed 
to those parte, and how can we ensure the return of such por- 
tions of it as may not be required for those offices? Of course, 
the most obvious way is to lay down a system of tubes, or 
rather one laige main-pipe, giving off branches as it passes 
along, and these again subdividing until they penetrate the 
minutest part. This is the principle on which a city ia sup- 
plied with water. From the basin, or reservoir, sete out a great 
main-pipe, which at first, perhaps, gives off leading branches 
for three or four prominent districte; these branches, mnniQg 
along the principal streete, send off lesser ccmduite into each 
cross street; firom these conduite still smaller tubes lead into 
every house, and perhaps a stiU further subdivision supplies 
every room. This supply is in the human body carried on 
through the great system of vessels termed the arteries. The 
central pipe is the aorta. Setting out from the chest, it first 
ascends a little, and forms a curve, from the uppermost sur&ce 
of which it sends off the vessels that are to supply the h^ad, 
neck, and upper extremities. Having thus provided for those 
parte it bends downwards, and lying dose on the back-bone, 
rather on ite left side, commences ite course along the trunk, 
sending out at each side a branch to supply the muscles between 
each pair of ribs; these branches are called intercostaly from 
inter y between, and costa^ a rib. Having got out of the chest 
and through the diaphragm^ which, as we have said, separates 
the chest from the abdomen, like a shelf placed between them, 
it gives out from ite front part a short thick trunk, which, after 
a course of about half an inch, breaks suddenly into three 
divisions, the one on the right going to the liver, the one in the 
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centre to the stomachy and the me on the left to the spleen* 
These three oi^;anSy it will he remembered, lie nearly in the 
same level, so that a good engineer would take advantage of 
this to supply them through a common duct. But there is 
also another organ lying in the same line further hack, the 
f^ancreas. This is a long narrow gland, compared in form to a 
dog's tougiie, lying across the back-hone, with its thin end 
towards the lefit, in contact with the spleen, and its thick end, 
called the head of the pancreas, placed towards the right, sur- 
roonded by the turns of the duodenimi, and consequently in 
the immediate neighbourhood of the liver. Now as it is thus 
close to parts abundantly supplied, there would be no use in 
sending a particular pipe to itself, but short pipes are laid into 
it from the arteries of the spleen on the left, and from those of 
the stomach and liver on the centre and right. Having thus 
supplied the upper stage of the abdomen by one great trunk, 
the aorta continues its course down along the back-bone. It 
soon arrives at the mesentery, which, as we have explained, is 
the fold of serous membrane binding the intestines to the spine. 
Of this fold it takes advantage to send a large branch to the in- 
testines, and this branch supplies all the small intestines and 
the first half of the large, that is, the coecum and a large part 
of the areh of the colon. Lower down, a second branch finishes 
-what is necessary for the intestines, by supplying the remaining 
part of the colon and the rectum; while, between those, two 
branches are sent ofi^, one on each side, to supply the kidneys. 
The organs contained in the abdomen being now furnished, the 
parts below are next to be considered, and, as the body soon 
begms to divide into the two legs, it is dear that the one central 
pipe will no longer be sufficient. But there is nothing aa 
engineer guards more against in dividing his pipes than having 
any sudden or sharp turns where they can be avoided, as such 
increase the friction, and diminish the quantity of liquid he can 
supply. To avoid this, therefore, the aorta commences dividing 
itself high up in the loins, that the alteration in the direction 
of the current may be as gradual as possible. This will be ren- 
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.dei^d evident £x>ni the accompanying diagiai&y in whicli ^ Is 
the aorta, b b the vesseb into which it divides* In fig. 1, we 
.see the natural course; in %. 2, the much greater impeduneiit 
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the current would receive, were the division not made till 
absolutely necessary. The arrows show the direction of the 
current. 

Now these two divisions of the aorta are called the iliac 
arteries, from ilia the flank ; and before long they each subdivide 
into two branches, the internal and external. The internal 
branch dives deep into the pelvis, where it supplies thebladder^ 
the lower part of the rectum,'and other parts varying with thft 
sex, and penetrating backwards, conveys the nutritive fluid to 
all that great mass of muscle which forms the buttocks, in 
the mean time the external runs forward to the front of the 
thigh, where it takes the name of femoral (femuTy the thigh), 
sends off branches to nourish the muscles here, winds itself 
towards the inside of the thigh, and getting on the back of it» 
can be felt in the hollow of the ham behind the knee. Its 
presence here is also evinced by the well-known experiment. of 
a person, when sitting, throwing one of his l^gs across the otbev; 
the suspended leg is observed to vibacate, and the vihitttiMb 
take place at the same m<Hnent as the pukationsy beingyin fael^ 
caused by the fresh wave of blood attempting to sinughte&^tiie 
arterial tube, where it is curve4 at the knee^ The mUM^'^ 
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here called popUtcsal {pcpIes-fHs^ the ham), and diyides itself 
iarther into two principal branches, the one ronning along the 
fipont and outer part of the leg, the other along the back and 
inner part. These branches throw out small twigs to all the 
muscles, and other parts, in their way, and finish by supplying 
the feet and toes. This is a general outline of the great system 
of tubes by which the blood is conveyed to the remotest parts. 
They terminate by being subdivided in the substance of each 
organ into vessels of extreme minuteness, termed capiUaryy from 
capilluSf a hair. It is in these that nutrition and secretion are 
performed, but the knowledge of the course and distribution of 
the vessels no more enables us to imderstand these operations 
carried on at their extremities, than a perfect map of all his 
pipes and tubes enables the engineer to comprehend to what 
uses the tradesmen and manufacturers, inhabiting the several 
houses, may turn the water with which he supplies them. 
But to pursue our system of pipes. The engineer suffers tbe 
waste water to run ofif through the sewers, as it would be of no 
use to him to bring it back again to his reservoir. A different 
plan, however, is to be pursued in the body, for the blood, 
when brought back, mixed with some fresh chyle poured into 
it by the thoracic duct, and exposed to the action of the air, 
becomes fit to be again employed in the same service ; as also 
the water of the sewers would be if properly filtered and puri- 
fiied. For this purpose, therefore, another system of vessels, 
termed veins, is laid down ; and the arteries communicate with 
the veins through the medium of the capillaries, or rather the 
capillaries are the extremely fine terminations of the arteries. 
Bind the equally fine commencement of the veins, running into 
one another in a mode that eludes our observation. As the 
vvins get more distant from their origin, they unite more and 
more, unUl at length they all terminaie in two large trunks, 
the one bringing back all the blood that had been sent to the 
head and upper extremities ; the other, that which had nou- 
rished the body and lower extremities ; and these two vessels 
aie called vsnce cavas^ superior and inferior. 
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Vessels hare now been provided sufficient for a perfiect 
eifiaHon, that is, for the return of the fluid to the point firom 
which it set out. One thing is yet wantiiig; the power that 
is to set this fluid in motion. 

Now for this purpose the engineer uses forcing-pninp^ 
which, being worked by the power of anima1«» or water, or 
steam, drive the water 'into all the pipes, and so supply all 
parts of the city* But in the body we have neither ftnimalay 
nor steam, nor water, to drive the nutritious fluid, but in thar 
place musde, which is the true productive or originating causa 
of motion in the animal frame. Suppose, then, that to the 
origin of the arterial system, we append a reservoir, and sur- 
zoimd this with strong muscular fibres, the shortemng of which 
would diminish its capacity so as to cause it to expel its oon- 
tents into the arteries, we should then have the first and 
simplest form of heart ; in short, just such a heart as we find 
actually present in the entstaceay as, for instance, the crab at 
cray-fish. 

Such a heart answers sufficiently well for this dass of ani- 
mals ; but when we rise a little higher, and find a more perfect 
circulation, and the whole vessels constantly full, we [sooii 
observe something further than this one cavity to be wanting* 
For the vessels being, as we have said, full, it is clear than 
when this cavity contracts, so as to throw a finesh quantity 
into the arteries, an equal quantity must be discharged ficom 
their extremities into the veins, and the veins in turn must 
seek to unload themselves into this cavity of which we speak» 
But the cavity, being just at that moment in a state of con* 
traction, is not prepared to receive this wave which is thrown 
towards it, consequently, it becomes necessary that there 
should be a sort of ante-chamber, or receptacle to hold the 
blood until this cavity can relax to receive it. 

This provifflon, which we have argued out as proper and 
necessary, actually occurs in the frog*, in several of the mo^ 

* The firog is now said to have two auricles. Of course this makes no diffe- 
rence, as they both discharge themselTes into the nine tentride. It is only a 
doable xesenroir in place of a single. 
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Ituat, &e, Tbe leceptadb is called aHriefa, bom its beniiif; in 
the homon sat:>]*eet wine reaenlilBnce to ft dog's eac ((mrKHfa^ 
tiie othor, or foreiiig port, u called soKnefe, from its Ukeneaa 
to & little stomach (emtneuAtt). 

The aoiiolQ is Burraimded hj moscolai fibres ae well as the 
ventricle ; Ihey are, howerei', much weaker, as ^thej hare 
nerely to prapd the blood into an adjouung carily. The con.- 
tiaclions of these Gavities take place alternately in this nunner. 
The vmo) etum empty thenuelrea into the amide ; this be- 



omning fiUed with hlood, b stimulated to conbset, amd so c<nn- 
menoes dischaig^ug its ctmtents into [the Tmtride, which, in 
tun, when fiilly distended, contract^ and fineea the blood into 
the artery ; its r e trograde motion into tiie nmda bdag pren 
'vented by the aotion of a valve, opening only in one fiiedion. 
While the ventriele is contracUng, the Boricle agiia is dilatiag 
and receiving the blood which tbe vene cavs sre briDgTng it, 
and so the action is continued. 

X2 
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This valve is 'a perfectly mecliaiucal contrivance, and is 

exactly what the engineer uses in hie forcing-pump, of whicb, 
in its simplest state, this sketch will give an 
idea. When the piston p is drawn up, any 
liquid below the valve v will instantly, in 
consequence of the atmospheric pressure, rush 
in ; but when p is pushed back towards v, 
the liquid, now above b, will forcibly hold it 
down, 80 as completely to shut the aperture 
through which it had entered, and, being 
compressed by p, no means of escape remain 
for it but through the tube t, from which it 
will ^out with great force. 

Now this diagram will represent the application of the 
same principle in the heart. When the ventricle v dilates, the 
efiect is the same as when^ is drawn up from v in the forcing- 
pomp, thai is, there is an increased capa- 
city ; and if the atmosphere pressed on a, 
its contents wonld be discharged into n. 
But as the heart is tdtuated deep in the 
chest, and out of the immediate reach of 
atmospheric pressure, the want of this is 
supplied by tbe action of the muscles by 
which a, the auricle, is surrounded, and which, contracting, 
pour the blood into s, the valve x offering no opposition in this 
direction, but naturally falling inwards. When, however, v 
commences to contract, the capacity is £rst diminished, as 
when in the forcing-pump p is driven towards v ; in conse- 
quence the blood rushes back, catches the valve m, the. more 
readily that it is of a concave shape inwards, forces it against 
the opening into the auricle, so as completely to stop it, and 
thus leaves itself no other mode of eixit than through the aorta 
r, into which, therefore, it is driven. In this cut we have only 
represented the ^tuation and action of the valve ; of its form . 
we shall speak when examining the human heari;. The vma 
eoBte, superior and inferior, returning the blood into the auricle, 
are represented as ( and t. 
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So much for a simple circulation. But the hlood, in its 
course through the body, is constantly depositing its nutrition 
particles, and taking up those which, having formed part of 
the body, are now, as it were, exhausted. It must, therefore, 
when returning through the veins, be unfit to go a second 
time through the body, without some renovation and purifi- 
cation. Now the renovation is effected by the pouring in of 
fresh matter in the chyle ; the purification, by exposure to air 
in the substance of the lungs. This is particularly necessary 
in all the higher and warm-blooded animals; and for the pur- 
pose of this new course of the blood a new heart is added. It 
would be more accurate to say that new parts are added to the 
heart we have now described, the auricle being placed to the 
right, and supplied with a new ventricle, while the ventricle 
is placed to the left, and supplied with a new auricle. We 
have thus four cavities, the two former of which are distin- 
guished as the right, or venous cavities of the heart; the two 
latter as the left, or arterial. The blood poured into the right 
auricle c, by the veins a b, is dark in colour, and unfit to nou- 
rish the body. The right auricle, being merely a reservoir, 
sends it into the right ventricle d, from which arises a large 
vessel F, called the pulmonary artery (from TruXftwv, the lungs), 
which immediately divides into two branches, for each lung. 
Through this the right ventricle impels the blood into the 
lungs, where penetrating into extremely minute vessels, it is 
exposed to the air which we ai*e constantly taking in by the 
action of drawing our breaths, and which produces a most 
marked and instantaneous change on it, the nature of which 
we shall examine when speaking of Respiration. By this 
change the blood seems to have lost all its impurities ; from a 
dark red it becomes instantly a bright scarlet colour, and is 
found to have acquired its proper stimulating and nutritious 
qualities. It is now, therefore, sent by the pulmonary veins 
F F, into the left auricle g, thence into the left ventricle h, to 
be distributed by it through the aorta i, to all parts of the body, 
from which it returns by the veins black and impure, again to 
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undergo the same process in the lungs, and ag^ to be sent 
out for the nonriahment of the hody. This, then, is the per- 
fect or double drculation, as ve find it to exist in all warm- 
blooded animalu, including birds, quadmped% the whale-kind. 



Rtgbt and Left aides of Heart, oitli TeUu ood Alteiia. 

It does not neceeaarily follow that these two ports should 
be united together; and it will materially aauat the under- 
standing thent, i^ with ^ Charles Bell, we first depict them 
separate. 

Now this form of heart is almost exactly what Sit £,' 
Home ibnnd in the dugong, a warm-blooded aoimal of the* 
whale-tribe, brought to him irom the Straits of Malacca. The 
rentricles were quite distinct in the greater part of thejr lengthy 
and only connected above by some cellular atructuie, which. 



TBX cniaiLiTiCHt. IS3 

vith the usual twiat of the aortA over the pnlmonaijr artery, 
fenned ahuost the sole connexion between the two udes. Ab 
it is istereBtu^ to see every step in the advance of thia organ 
towards the periect state in which it occurs in man, we repre* 
sent this, which may be cooudered as one of the earliest forms 
of the doable heart. 



A. right HOlolB ind TOililida. 
B B l«ft nutiola ud tvtlibM. 
1> pnldUBUT arta?, uUnf tain ri^t wiMole, tad dtTldln§ Into d df % 

bnooh for Moh 3nng. 
C aona. or great irtar of ttu bod;. 

We may now advance to the human heart, in wfaieh these 
parts are fintJly jcuned together, yet not so invaiiablj that 
traces of their sepamtion may not be found. Bartholin relate% 
that in opening the body of a male&ctor he found the heart 
bifid at its exkemity, the right vestricle being cleoriy divided 
from the left. Most usually, however, they are closely united, 
and the epithets right and left are scarcely applicalile anf 



longer, as that port which in rniimBla lay tOWsidB the right, 
BOW appears rather in front, the left heing attached to its pos- 
terior Burface. In conseqaence it has been proposed to change 
the namea to anterior and posterior, or, irom a consideratioa of 
their nature and offices, to call the right the venous hearty or 
heart of the lunga; and the left the arterial heart, ot heart of 
the bod;. 

Thus composed, the heart is ^tuated nearly in the centre of 
the chest, but more to the left side. It rests on the diaphragm 
by its lower part, and lies rather obliquely from right towards 
left, its point being in the latter direction. It is enclosed in a 
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or windpipe; LL' thclDugi! V the nipvriDr rvnd i 
?utop«i;Dthe 
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peculiar sac or bag of ita own, termed pericardium (from inpi, 
ahoat, and xapSta, the Aeort), which we have lepresented as cu^ 
open. The pericardium, however, naturally, is closed lik^ 
other aerous sacs, and its internal surface, when it is in contaci 
with the heart, is constantly lubricated by a fine exhalation. 
-which must facilitate the heart's motions and prevent adhesion. 
A person looking at a heart for the first time would find soma 
difficulty in Bayi:^ which was the right side, and which the 
left ; the chief difference he would perceive would be, that one 
ade looked weaker than the other, had fallen in flat when 
emptied of its blood, while the other, from the thickness and 
strength of its muscular sides, had preserved its fiill and 
rounded form. It would occur to him, then, that this latter 
dde, being evidently the strongest, mnst be the left side, that 
which was employed in sending the blood to the whole body ; 
while the other, having only to send the blood through the 
lungs, did not requiro equal power. If he proceeded to make 
a section across the ventricles, he would be still ftirther con- 
firmed that he had judged rightly, by finding something of 
this appeaianoe. 
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If, however, any part of the blood-vessels were left at- 
tached to the heart, this would finally decide him, for he could 
not fail to rec<^ise the two venee cave discharging them- 
selves into the right auricle, or the aorta, with its great arch, 
arising out of the letl ventricle. If he wished then to e: 



the heart, f&y thai he had got a bullock's heart, in which 
all the parte are quite perfect, he would, as the best method, 
wish to ibllow the course of the blood. His first step, then, 
would be to slit ap the two vens cavs, which bring all the 
blood inte the heart, and lay open the rig:ht auricle, which 
looks like a dilatation of thran at the point when thej meet. 
We have represented this don^ in the human heart, in the 
annexed out : wheto «, and b represent the two venai eaom, the 
former returning the blood from the head and upper extremi- 
ties, the latter from the trunk and lower extremities, and both 
uniting to form t), the right auricle, which is seen cut open 
from behind : s is the opening into O, the right ventricle ; r 
the remains of the obliterated foramen male; and c is the 
commencement of the arch of the aorta. 



, While the child laj in its mother's womb there was no op- 
portonity for respiration, therefore there would have been no 
uae in sending the blood to the lungs, which, indeed, are at 
that time so collapsed, that the blood could not circulate 
through them. Accordingly at this period a direct opening 
esiata between the right and left auricle throngh their co 
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partitton, so that j the blood, when retnmed from the veins, 
passes &oin the right into the left auricle, horn that into the 
laft ventricle, and thence out again to the body. The opening 
tibrough which this communication takes place, is tenned, from 
its shape, ihB foramen cmie; it closes up as soon as the child 
is bom, for then the circulation through the lungs instantly 
sets in. A slight thickening and depression, however, mark 
its place, which may be noticed at f. In the adult, therefore, 
no opening remains but that into the ventricle, the valves of 
which we must now proceed to consider. In speaking before 
of their action, we represented a simple valve acting mechani- 
caUy. Such a valve would do very well for a forcing-pump, 
tile sides of which were immoveable, and when it could be 
made of any deaired thickness ; but in a living contracting 
organ it would want both strength and adaptation. The mode 
in which both these are provided for, is admirably explained 
by Sir Charles Bell, to whose works we have often been 
indebted. 

The valve is composed of three membranes, the bases of 
which are attached round the edges of the opening, while their 
points are in some measure free and floating, and when laid 
together are sufficient completely to stop up the oriflce. Now, 
as the size of the valves cannot change, it is necessary that the 
size of the orifice should not change, else they could not pos- 
dbly fill it up. Thus, if the circle a should 
enlarge itself to a', it is clear the valves would 
be 80 drawn at the base, that they could not 
meet, and so a large space x would be left, 
through which the ventricle would return half 
its blood, in place of sending it all on to the 
lungs. This is provided for, by making the 
circle a a firm tendinous ring; and we may 
fiilrly assume, it as an indubitable evidence of 
dtoign, that this part alone of the heart should be incapable of 
motaon, where alone motion would be injurious. But simple 
niembtanes would not be sufficient either, for though capable 
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of filling the orifice, they could not resiBt the atiength of the 
ventricle pregaiiig on them from below ; and so they would be 
diiven up into the auricle, and the pasBage forced. Now, let 
ue see how this is prevented. 

If we suppose this to be a section of 
the right ventricle, we have, as it were, 
a profile view of two of the valves : 
a a the cut extremities of the tendinous 
circle, opening from the auricle into the 
ventricle ; o v the valves made of a thin 
membrane, with their concave side look- 
ing downwards, so that the blood im- 
mediately catches them, on attempting 
to letnm, and throws them up agunst 
the opening. Now come into play e c, which ar« beautiful 
thin tendinous cords, attached, as we see, to the edges of the 
valves, and running from them to the sides of the ventricle. 
These are not extensible, and their length permits the valves 
just to reach the orifice, but perfectly prevents theii being car- 
ried up any further. Thus is their strength provided for. But 
further adaptation is still requisite, because when the ventricle 
commenced to contract, itssides would approach more nearly to 
the opening, therefore the tendons being relaxed, would suffer 
the valves to float up. This, too, has been foreseen, and guarded 
against ; the ends of the tendons have been inserted, not 
duwitly into the sides of the ventricle, but into small muscular 
pillars, called eolvmnm eamem, which we observe at m m. 
These share in the general inclination to contract ; and the more 
the sides approach the orifice, the more tightly do they pull at 
the tendons, so that the valve is never sufiered to quit its place 
until all the blood is driven into the pulmonary Bri«ry p. 
When thia has taken place, the sides relax, the ventricle 
dilates, the valves fall down, and everything is agun in a state 
to be filled from the auricle, which now commences work in 
its turn. The blood is now in the pnlmonary artery. This, 
as we have represented it, opens from the lap of the ventricle; 
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the reEtsou is obvioas. Fill a bladder with water, insert a pipe 
into ila neck, camprees the bladder, and the water will spout 
to a considerable distance. But, if you first invert the bhidder, 
so that half of its contents may run out, and then compress it, 
you will scarcely drive the water beyond the pipe. Now, this 
would be the condition of the ventricle if the artery were 
inserted into its lower part. The blood as it entered would, 
by its gravity, descend int« the artery, the ventricle, not filled, 
would want its proper stimulus to contract, or, if it did con- 
tract, could scarcely use any force on its contents. The artery 
is, therefore, placed at top. We have seen the complicated 
structure of the valves of the heart, and we have seen the 
necessity for such complication • but look at the valves of the 
arteiy, they are nothing but simple folds of membrane ; yet 
they are quite sufficient. Tendons to strengthen them would 
he useless, because the artery can exert nothing like the 
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muscular power of the heart to Ibree Hhiem ; fleshy pilUip 
would be useless, because the dilatations and contraetionB of 
the artery are too alight to require any ad<ytati<»» they arc^ 
theiefore, omitted, for Nature does nothing in ^raln. 

The bloody in the mean time, has gone on ; the pulmonary 
artery soon divides into branehes, c n, one ios each lung^ and 
these subdivide, in the substance of the lung^ into innumexable 
minute twigs, through the delicate coats of which the blood i^ 
aerated. It begins to collect again in the pulmonary yelB£^ 
which finally unitiDg into four trunks^ s 7 o h, enter the left 
auricle i, filling it with red, perfect, arterial blood. This is 
discharged by it into the left rentride k, and ftom. that 
through the aorta l, to supply the whole body. 

The mechanism is so exactly omilar to what we find on 
the right side, that there is no necessity lor going over it* 
The opening between the right auricle and yentiide being 
large, the valve, as we have seen, had three principal divisions, 
and is called tricuspidy or three-pointed ; that in the left side 
being smaller, the valve has but two divisions, and, from some 
fimcied resemblance to a bishop's mitre, is called mitral. The 
valves of tb^e aorta are similar to those of the pulmonary 
artery; there is yet a little bit of contrivance about them 
which remains to be noticed. If they lay completely back 
against the sides of the artery, ft is possible that the blood 
might glide baek over their smooth surfisboe without catching 
in them. To prevent this, the aorta is dilated 
immediately behind them, so that they cannot 
reach it. There is, therefore, always a little 
space into which the blood, when returning, 
must flow, and so shut down the valves, and put 
an end to the retrograde motion. 
The texture of the heart generally is muscular, with ten- 
dinous or cartilaginous bands around its four openings, that is, 
those between auricle and ventricle, and ventricle and artery. 
Internally it is lined with a smooth membrane, which is 
found continued through the whole course of both arteries and 
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T^ns.; and extemally the seions part of the pericardhim is 
refle($ted over it^ while the fiibions coat of the pericardiuia 
fonns a strong covering over all. The heart is still further 
protected by the bony sides of the chest, and the muscles with 
which they are dothed, so that, next to the brain, it may be 
considered the best defended, as it is the most important organ 
in the body. The size of the heart is variable^ and it is sud 
to be largest in those animals that are endowed with most 
courage. We can understand that the more freely the blood 
is sent to all parts, the more perfect will be their vitality, and 
the greater the exertion of which they ar^ capable. The con- 
sciousness of increased power, thus obtained, may give a greater 
dispodtion to use It ; and thus animal courage may be the 
consequence of physical organization : and Sancho Panza may 
not have been altogether wrong, when he argued that it was 
as natural for one man to be a coward, as for another to be 
subject to bile. Common modes of expression indicate the 
generality of this feeling ; thus we speak of a faint heart, a 
stout heart, lion-hearted, &c. We are not philologists enough 
to decide whether ^* showing pluck'* is to be referred here, 
though we are aware that in Scotland the heart and lungs 
aftached to the head of a dead sheep are technically called 
^ the plucJt:* 

The cause of the pulsation of the heart, felt between the 
fifth and sixth ribs at the left side, has been disputed. On 
opening an animal, the contractions of the several parts of the 
heart are observed to take place in this order. 

1. The vens cavee fill the right auricle, at the same time 
the pulmonary veins fill the left ; 2. Both auricles contract, 
and fill both ventricles ; 3. Both ventricles contract, and fill, 
the right the pulmonary artery, and the left the aorta ; 4. 
The arteries act on the blood. 

Now the first and third of these actions happen together, as 
do also the second and fourth, and it is chiefly by the third 
that the stroke of the heart seems produced. If you inject 
water into a curved flexible tube,' a ^, the first efiect of the 



c;)frent iifill.be to sizaig^tep tlia tube to q,h\ £r(»xx,.tlie^^xti|»-* 
mijy of wbich it.wiH ba'di^chaigetL. But.tf $ be i«^e.^ ^^.4^ 





point^ and in place of a syringe a moveable ventricle be attached 
to the tube, It is evident that the attempt at straightening the 
tube must all be exerted on », which, therefore, will be thrown 
up towards «', and striking against any thing that opposes its 
progress, as in the present case against the interval between 
the fifth and sixth ribs, would cause a sensible pulsation. 
Dr: Corrigan a short time since attempted to show that the 
pulsation did not depend on this, but was caused by the gush' 
of blood into the ventricles from the auricles. He made some 
experiments to prove this, and argued, that as the curve o^ the 
aorta was towards the left, any attempt to straighten it would 
throw the heart up to the right, where, consequently, the pul- 
sation should be felt. But he forgot that the aorta, when leav- 
ing the ventricle, first goes towards the right, and also has an in- 
clination backwards towards the spine, before it makes its gi'eat 
arch to the left, consequently the straightening of these two first 
inclinations would throw it forward and to the left. He also 
left out of account the straightening of the pulmonary artery, 
which takes place at the same moment, and which, as the 
artery curves almost directly backwards, must have the effect 
of throwing the heart directly forwards. Neither has he ad- 
verted to the feet, that the heart's motion is much more con- 
strained towards the right by the entrance of the veins, and the 
situation of the mediastinum, a membranous partition running , 
acroflB the chest from the spine to the breast-bone, than it is 
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tovttds fli« lefty whefe^ m &ei» ite point k fute frte. la 
iriiorty lie only took isto aooonni one font, wbgtn the oonskUn^ 
tioB of vmay wa» to be oonadeied. We mnn^ ih«<fot.e, ad- 
hue to the otber opinioB. It is prebaUe tlie iHlitiiitrm of the 
tnridee whkh trties place at the nine time^ wmj enriat ; lor 
Haller ibund tile heart in a dead body giTe a atioka at tha 
breast when he 4btended the left aiuiele with air, and Senae 
leports the suae result from filling the right. The heaK ia 
elastic as well as contractile^ and owes this property to a quan- 
tity of cellular membrane^ with which its mnscuhnr fibres ave 
enyeloped. The opening out of its cavities^ therefinw, is to be 
considered as much its proper action as their contraction.^ It is 
not that they merely dilate by the blood poured into them ; 
they open to receive the blood, and the suction-power thus 
exerted, has been much insisted on by Drs. Bany and Carson, 
amongst the causes of the motion of the blood in the veins. 
How far they are right, we shall consider afterwards ; the fiwst 
can be demonstrated by taking out the heart of a fish, empty- 
ing it of all blood, and laying it on a table, where it will be 
observed to contract and dilate itself regularly, often for some 
hours. 

The arteries come next to be considered, and the share which 
they take in propelling the blood. When examined after 
death, they are found to consist of, first, an outer coat of strong 
elastic substance ; second, a middle coat of a yellowish colour, 
shoMring well-marked circular fibres, by which alone it seems 
to differ from the yellow eUuHc Ugamenty which we before men- 
tioned as used to support the head in the horse, cow, &c. ; and 
third, an inner coat of smooth lining membrane. This last is 
the most important, as it is found to exist in every kind of 
vessel ; it is, therefore, called the proper vascular tissue. The 
nsiddle is peculiar to arteries, and the question, whether its 
fibres are, or are not, muscular, has been the cause of (me of 
the longest and most violent of physiological disputes. Yet, 
like many other disputes, the difierence is rather about names 



IM fHB GtAODIiAXlOir* 

t]ian&et& nwecMnpamtheAciieiilar fibim vi4htlie^te# 
of the ikflimuuy* mufldeft, they most tettmly ^re aol/tht 
mau^. Th^y dUfor in appearance^ in tarte^ In chenuteal oM^Nh 
«iti<m^ in node «f action^ in tha eflbcto conaequciit on 4he «ppljr- 
cation of certain atiinnU. Bnt thongh they «re not mated la 
aet in the aame way aa thefibreaof the volnntaty mam\tM,'y^ 
ihbj as oarlidtily contract and diiafte in a manner ttM»e anltad 
to ihe ptsttB they beloiq^ to, and theae motioiia of cant ta a t i g m 
and dilatation are undw the dixaetioB of a vital pnnoi^ 
Hnntelf endeawtu^ to prove thia diiectly, hy eaqperlwftrat 
An anhnal was bled to death, by which the artociesafelnoiight 
into iMbt greatest skate of contraction, the artery always HaJtm 
Tonxing to embrace iLrmly its diminished contents. A p<»tion^ 
AB, of such an ariety was taken, slit optn^ aa wease at en, and 




weights w w' w'' appended. When these had stretched it as 
^asxaf, they were removed, and the artery again contracted, 
not to its original dimensions, but only as fiir as oo\ te ihjs 
eicperiment he aigued thus. Two powers produced the foil 
contraction of the artery ab; the one ekutieUyp which we 
know to be possessed by dead matter ; the other vital coatrac- 
tility, which belimgs only to living. Now when the artery 
was cut out of the animal, this latter power was destrq^ed ^ 
consequently, when extended to jpa/, and the weights remoyei^ 



* Mntotos under the Iminediflte direotfbnof Ibewfil,— wUdi whmbi ^'taif 
time call into action, or cause to ceMe from, action ;— each ase the ™»^a^lfr of 
the arm, leg, &c.,— we may say generally all muscles, except those of the.fieart 
and intestinal canaL 



itidl^ ttOt ^«tfMt to Iti Qtkgjt^ fikamiAotm oik ^ ^ha iiiaMdijr 
«&t>]tifiedlt fNiiiur to n^ bttttht vittl cdntfaetSily^ ^ai gb]iti, 
^|vk)i»shtyii^d have taken it fr&Oi :« toiv. i><^ iktiMb^, nA^ 
^^n^mnB ikMasiife T^ifWNait iM «£leni ^tli» titil ottktiiuitQitf ^ 
«hd )««<'of ttiA «liBtiioi^« But iKtal ^KraHMetillj^ «adlitsntAriii> 
^MfiiH^^tt b«dy tiMtweafeaoquftiiited Mi^ trmUMfffif^e'tam- 
i^^l^^lser^fft^ itLQM cinmlfif ^bins of the miMto 'O0ataof.'tiij& 
«rUfi9^iflttstl^iini8<mlar. • ' i 

1 W4» do not propoM leading' dnr xvttdeiift into the itodkMB 
tffgftttftemto adduced on eech i^e. They wlU peioeiT^ tlt«itrtUe 
t^«i»' {Mcrtke hav^ fotfgot to decide y^hat sbfimld conitBitate/« 
flate^ and tfansy eacii taknig difibrent standardB,. bane «tio- 
«NGided in proving their own <^inions without dispiwtfi^g.ihasD 
«€*ti)»lr adtertaries. We ehaiil^ therefore, ayoid usiiiig.the tern 
imudulary as applied to this ooat^ and shall term it, from its 
appearance, the y^low fibnm^ wcdy or pcchape the covOractUe 
coat, and shall mention a few facts to justify its daun to this 
latter name. . It may be well to say that we use the term con- 
tractilUyy to express a quality of living bodies, in contradistinc- 
tion £pom eUMtUityy which they possess in common with dead 
matter. Dr. FBrrjy haying exactly ascertained the circum- 
fovence of an artery in an animal, killed the animal, and again 
measured the artery* After an interval of several hours he 
repeated the measurement, and foond, as the invariable result 
of many experiments of this idnd, that immediately after 
'death the artery was contracted ; but on the third examination 
liad increased again. Now the artery does not die exactly aft 
the same moment as the animal, but, continuing for a little 
time to act, discharges aU the blood sent into by the last 
oontrsbction of the heart. On this account the artery is alwtety^ 
found empty after death, and its contraction is evidently the 
result of a aitiU power. But after some hours the artery fs 
'debd as well as the rest of the body, and then he always !found 
it.T^aaEed* This is a clear ]»roof that the art^y poasesses a 
Yitid contractility, and not merely an elasticity. 

Every surgeon knows that when he has opened a ainall 

o2 
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artery^ *tli'e readiest way to stbplWbWdiiigtstbf cul^it^tlitbi/^l^i 
The artery contracts so i«adily and strongly, as "*lfeii '>^ 
arrest the ^et of blood at once. .^ h ,.'.,? .ij,m 

' " If we make the stimulus moi« poweirfttl thlEin"a' ^^pkf itS, 
it will produce* a contraction sufficiently Stton^ildslo^ ^jfcfe 
flow of blood, even from very large vessels. M. A'Ai^^^-h 
French surgeon, has, in sevend operations, atrest<>ift {h!e'-%le^ 
ing by catching the end of the artery in a pittceys,'ittid igi'rtofe 
it a twist. The/ihvus coat has* contracted so powerfully tti' to 
shut up the mouth of the vessel. It was ndt the mere twist 
did this, for if you twist a dead artery, and then with a syringe 
• inject into it, even very gently, some water, you will pei^ive 
U undo the twist, and flow from the open mouth of the vi^Ml. 

4^^^^^ when exposed in operation, have contracted beM^ 
the operator had touched them with his knife. The tesiim(>- 
nies of this are so numerous and respectable that it is impost 
sible to doubt it. 

We may, therefore, fairly conclude that arteries are feilil- 
4owed with a peculiar vital power of contracting on their con- 
tentsy and that such power belongs to the central fibrous do^it 
is evident, from its being deficient in the veins, whef6"tlliB 
coat is not to be found. Thus they are possessed of one quaHty, 
whicli we have also seen in the heart ; its other power, tlttkt bf 
active dilatation, seems equally to belong to them. The igfeffc^- 
ries of the cheek enlaige under the feeling of shame or ni^ 
desty, and, according to the measure of their increase, WTg-K&Ve 
the gentle suffusion, or the burning crimson glow. If inci^ased 
(^tion be going on in any part, or a copious supply of bIo6d Be 
required for a sudden growth, the arteries supplying th6 pitit 
enlarge themselves, and furnish in abundance the inutritiVe 

Jinid, . " '' 

. The growth of the stag's horn is a beautiful" example 'bf 
this kind. The stag usually sheds liis horns 'ifi splitigytlie 

^ place from which they had fidlen is soon covered oiref*^iMtK^a 
thin s^in^ and the first sign of tjie new aptleris attttleHAMS^Ke 
rising up in this place like a bud, and covered mifi A'iSk,46% 



T^^fli^WhivJrJ^ ^P^^' ^^^^^.^y^P- tjbe yessels that are to fonn 
t^e jft^|ip^.jui^|Efl:^,^ tl^ey penetrate, iiv great numbers, tlie 
little tuberculous swelling, which is still soft, and like gristle. 
Jt/giWS.Wift^^O^Tkatle rapidity, stUl covered by tlie.^kin, 
^^ l^f^^vgssel^ ^epo^tin it white bpny matter, until the wnole 
jis^§j[;^|^(]^dj|uid fiiU-grown. The next step is to rid it of its 
^t!f|n4Tery.s^j^ible covering, which, as long as it reniauie^, 
^y^^if^f^ [Completely unfit it for the uses to which it is to be 
,^pjied* »Aft<i this is said to be performed by a very beautiful 
j5iH^1fiyafWJe,, noticed by Mr. Hunter, and his original prepara- 
tion, to. explain which is still in the Museum that bears Ms 
4ijBi(Sfi<^, Arou^d the bottom of the antler, where it springs 
f^QfS^. t)>& skull, is observed a burr, or bony rim, which sur- 
fpUQda the vessels as they pass up. This, growing along with 
1;b^:rpst of the part, becomes, by degrees, so firm and dense, 
tj||iat it presses on the vessels supplying the soft velvety integu- 
ment, which, thus deprived of its supply of blood, withei^, 
^^s,^ ):emiins for a short time in a ragged state attached tQ the 
^tJers, and is finally got rid of by rubbing against the trees, 
j^tthe same time the carotid arteries, from which these vessels 
j|(pruj[ig, resume their original size, having been much enlarged 
4nring the continuance of this process, a process, as Blumen- 
jl^h observes, exhibiting, in a striking manner, the rapidity 
.ijv^h which growth can take place in warm-blooded animals, 
.f^mboiu of a stag, which may weigh a quarter of a hundred 
.^^jejgl^t, is thus completely formed in ten weeks. 
^,:.. .TYe thus see arteries endowed with the two powers we have 
.^ot^iped as existing in the heart ; a power of dilating, and a 
jfiQTOJJ of contracting. These powers are only similar in kinil ; 
.^hc^^are by.no means equal in degree. As to the effect of 
ordinary stimuli, also, it is doubtful how far either heart 6r 
^^rUfj^p, a^e^ sensible to it. Harvey mentions that a yotmg 
, nobleifp^ had the side, of his chest laid open, in consequence 
^o^ a |ai^e abscess^ so that the h^a^ plainly appeared within the 
JffftfAfg:A\^^ the pommands of the king, Harvey examined 
^S^ SS^t ?^ |9^^ that the heart might be touched or 



in i^; so completely inseiuible was it» that wbeft he flhot Ms 
€(^68, be cotild not tell iw^ether it was touched or not. N»w 
ihotf ^h in many eases the aiteries, en being meehmiealiy ixri^ 
tatecf , hare eontitKSted, and thia result oeouned in AfMn ofni of 
twenty e3q>eriment8 made by Veraehuir; yet other peM0n9 
'hSkYtf been by no means bo saccessftily and have stated to ug 
that they could often perceiTe no difference at all, and at othesr 
times an absolute dilatation. Nor is thia to be wondered at. 
The heart and arteries receive their nerves from a &r difliwraiit 
source than that "which supplies the voluntary muscles. Their 
ttkode of perception is, therefore, different^ and requires to be 
excited by proper and peculiar stimuli. The sendbility of 
^Ach. part is suited to the function it has to perform, and tbo 
danger against which it is to guard. Now the voluntary 
muscles are for moving the body, and they are excited to actieo 
by mechanical stimuli, such as pricking, wounding, &c., be- 
cause it is useful, that on the application of such they should 
immedi^itely contract, to remove the body from the influenee 
<$f those agents, which, if continued, would be injurious. But 
this'kind of sen^bility is much more obscure in the heartaad 
alfteries, because, before such agents could reach them, the skin 
^d muscles must first have been penetrated, and so suffieieiA 
notice given to withdraw. The {proper and peculiar dtiasmkOB 
^ IShtst parts, then, is the blood, with the sensation of heiag 
fttH *y as their proper office is, under such cbcumstanees^ to 
react and impel forward the vital current. 

It is an equally wise and prudent provision, that parte, tibe 
constant and uninterrupted action of which is necessary to 
life, should have been withdrawn from the immediate diieotian 
of thie will ; else would a slight inattention or forgetfulnesabe 
attended by death, and sleep, so neeessary to the refreshmeitt 
bf our powers, would be certainly fatal. But now, n^piiting 
nothing from our ^N^thought or watchfulness, supplied coft^ 
stantly with its appropriate stimulus, this sjrstem c<mtiini«B ^ 
act night and day, when we sleep and when we wake, <^tofor 



^to^«9flQG8sioiJi of yeon without hi ox hia4«ra«u^ no tMf 
iv« «ro>at a k«8 whether moot to admire the infiiute wisdoio 
whiifeh (ould deyise so adxnlrable a maehin^iyy or bless tho 
infimtO' goodneia that could xaake it to u« ^e soujcco of so 
mmj hlessHigs, of healthy of strength, of life. ** Euut 
lioiBinesy" says St. Austiu, ^ mirari alta moutium, uoigentes 
fluotus maris, altissimos lapsus flumiuuw^ ooeaiii amhltuiUy et 
Hyxos sideruni ;-*««eipsQs reliuquunt neo mirontur/' 

Though the circulating system is thua free from the general 
^veotion of the wUl, yet it is well known to share in eviery 
powerful or sudden emotion, Joy will send the blood in gush« 
ing current to the cheek, or chilling fear will cause its re YuikApn 
to the heart, which no longer beats with sufficient force to 
drive it out to the extremities. Its throbs can no longer b^ 
fel^ it seems to retire deep into the breast, whence we speak 
of the ^< sinking of the heart," or ^^ the heart dyUig away 
within us," as expressive of the effects of fear, 

A« the arteries diminish in sbse, we find their peculiar vital 
power becoming stronger, and the circular fibres more nume*- 
qnmsy and this disposition is supposed to reach its utmost 
haight in the capillaries. Whether it ceeses suddenly here^ or 
diminishes gradually from any given pointy we are u;QahLe, 
ttqUSk iheir minuteness, to decide ; but in the smallest veins we 
4S<aBftinp, this power seems quite gone, and along with it tho 
central coat of circular fibres^ of which we have said so much* 
The v^Lds, th«a^ are merely passive in the circulation, or ca9 
be considered as endowed with no power beyond that of elae* 
tioity. This resides in their external coat, which, as the samo 
coat of the arteries^ is merely condensed cellular membrane. 
The internal coat is the smooth Uning membrane which, as we 
liafasaid, ia the essential part of the whole vascular system, 
nod ia these we find it constantly thrown up in folds forming 
irilUefib sometimes single, sometimes two or three together, but 
jyavaaahly opening towards the hearty and suffering the blood 
,to 4fnoyc! only in that direction, 
T. ; . The contraction of the heart Ib evidently the first of tho 
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iiiLti^Mbg^jAio49ABMm^ t^ rfw»eiMme ftnirtteofi iliffil 

-« tietml^(<ainej '^Ih oniMiBfc|iiBtafle> ol.itfu^ ftfai^fa; vdle 

^»i»|ii w tni ^ aflf €he dfiEiettte of >frieiio%angttibi itofBB^gfarikjr, &iii> 
}lfik)5i«efiilltB>wite'bbtfdiiM -wliicl^by tibMr nEstounduipjy^iii^ 
^m^Mitts^y'fliiOiwqd that'^oiiie gfroas ecror must bave pev]^aikd 
-tii»\wi^8(QnD&ig8 taflipkyeA.' • .■-/... c^> 

'i{^* iBo^efii^' f/koeeodaig on the sappedtion that tbe ptthnrttF ^af >a 
- tliiMi€J40^im'^r6partiim to its we^iit, estimated the leioe oftiie 
"lUaEKtiiit IdO^OOttbs. Keill, eonsideriiig^ tiiis as very eactnra^ 
igai^i^«4opted a' different line of aigament, and, partly by es- 
^pllriii|»Ht^pitttly by assumption, and partly by reasoning, ue- 
iiflNibedithe pb^v^r of the heart to abont five ounces and a halfi! 
'^Htdfes'^ie^qyeiimentB are by fEir the most accurate made on tiK 
f8lA(|cbt. ' "fi« inserted tubes into the arteries of living sniaMls 
'ielfl{lel'46 the' heart, and observed the blood to rise in then to 
(4h<^' (height of about ten feet above the level of the heart, and 
>tli<ni' tO'^c^ntfame ridng and falling a few inches at each pidaa- 
'tfotiit '^NeirDr. Amott explains that a tube an inchaquart, 
^4l'itlMi«ii two feet high, will contain a pound of water, and-ite 
(^IM>^^(^ sustain thk pressure ; ther^ore the pressure of blood 
-^fUtMliKg at the height of ten feet will be (10 divided by 2 los) 
•iiyj§']^Ott|ids on the square inch, or even a Utile more, seeing 
M^i blood is of a greater specific gravity than water. Buiiihb 
^M^ace ef the left ventricle of the heart is about fifteen aquane 
^l^y^iei^on each of which this pressure of &y^ pounds waidd<bie 
-e^eei*|0d; on this calculation, therefiire, the total force exearti^ 
-b^the'l^ Tentride, at each contraction, is able to overoomiQ ^ 
ti$sM|0oe tUf more than seventy-five pounds, as is seen by.tlie 
blood rising in the tube*. 

;.,. ...Me^ however, soon perceived that the heart was not alo^ 
in HiahitahiiBg the cireulation^ Woims have nor hearty and in 



. f ii* nfTt ha^ not bxactlT' given HalM*s calcolatton here, hub rathfiraa < 
i4ife^p<lMJ^ : Hb BXtpfttam that had hJs pipeBlmn, iwestod. ii& «1i»Ammk 

aitey^tlio MBoanoald nob hav* risen ao Jbigh, in aaaamaaaw df wIuUl^Ub 
PBOdlM «ia#dtdiiB«ttbn» and ciwtrlndBB tba povet et tte 1fl(t.«r«ifakiifi totto 

aboat fifty-one and a half pounds. .t. *iis ui 
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^4div gite|cnilJiQii8DMafe' csunisaftiniiu .{Therft^SiBO Jiearif^jhl ki- 

-iiiis^ opiiiioii)! hail hfts^ put ftw watdi ihy< Brtfymxt I G8«n%ijfaiit 

lUely '4 oom^lefee- descp^tioB of tke> -whole Spioedis, Itta^ifwflii 

given by Mr. Bowerbank in the third nuinfattv 0£r ^the^JSn^Mrfd- 

. iqSfieai Mqffazim. This £Kt iras 4]inauiio8d>.MW ^U«il74^'0li the 

«aine aotJwidtyy in the suppliemeataL xoattor af<Clffi%ht'ftiedt- 

•tiflnDf tite Begne AnimaL Other faots, tett^ngt ttd ohoavfhilfe 

ii^iience'of the yessels on the circuhiiion» indbpe^pteitljiritpf 

the,he«rty' have also been adduoed. If you tie . aArajQlieyy^rA^e 

'^ait of it beyond the ligature empties itaeU hy itif oiftitwti^ 

«iiliid' that of <the c^illaries, evidently without Miy/'as^l^Uulle 

'ima> iheheart. Monstrous children have beeant bdtn w^Hh^sa 

Jkeurt^ yet evincing, by their growth, that QiseulntMil hitdjgDbe 

'on: tolerably well. Dr. Wilson Philip once, sawiithft (bbrfid 

movmg through the capillaries of a rabbit foar anhounandlja 

.faalif after he had cut out its heart. Mr. Allan Buma ihentialis 

-^ 8ii^;;ular case, in which both the ventricles were oomrpleftdli)^ 

loonverted into bone, so as to be quite incapable of coiKtisactJu^, 

(^et the ciroolation was maintained without mueh - Ai«)9UYm}ir 

^lioe, as long as the patient was in a state of tranq]iiilfit,yff. 

l?he:a]*teries gmng to a diseased part^ also increase iflt.ai^^ic^ 

its. even said in rapidity of pulsation. Riohetraad saye^'ftiPlAt 

the iradial artery going to a hand on which waa a< whitlow^, hft^ 

4;warty or thirty in a minute more than the siwiiar ai^t^ry^Ofir 

.plying the other hand. From such &cts as tluse Six' Gh^Qs 

Bill. waa induced, in. a little work it^iioh he- wroite (^pi«^jr 

*. Tbis,|uwuiDeii(, taken /|X)in a diseased state, cannot j howevec, be allowed 
i^iidhwel^t *rhe auricles wet-b considerably enlarged and'sti^ngth^ed, so as 
(totaen^blBA.'MiMBfanii.flhe'ottoft'of theTeatrides} besi^ m immtit^%\f ffie 
the sides of the arteries rendered hard and bony for a good length, without the 
loiBcnDtatAoa/belikg iikii^dBd by their losa of centmofeimy^.. / The danger in auch 
«aaiBlB, thai the artcty.heodmliig bilttla* shall be ropiftqiod by tha</bw»9f 4kl» 
'tteactu ' ^tis e?ldaQtj<ihat lf> tba droalation be canrisd on< wilhettl nuich ^MlM- 
jiietf Mintita hMat ioibiid of thepeattes, it has equally little .ihnaiha astoriaa 
in the other. <} lii .-; .. .i"> / *^ unit 
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(H:i.»)^/eiil)ije^'o4.^ poiV«9i9 tbftt vmre ihe blogd, to diminnb 
v^ii0jaeh>th«>eftt}m4^.iuniaUy formed of tl&e value of ih» 
]i9wt> .aciios^ wl^ch ]ie cMNudders laoro intimately aUM 
to itbe respiratoiy esgana^ and only exerdsuig a. geueff»| 
negialat^ pawei* over the circulatioa of the^ body. Aa 
t^ ffftery ali/vaya embnces doaeily ita contents, ii ^!a 
CMiuaUy fiill betoe aa after the gueh &om the heart ; bqc 
does it appear te dilate when it receives thia new quaatitj* 
W^ob^tf Parry, axid eth«s» ezamined arteries most aoca** 
lately, duiing the pulse^ and even with the aid of micro- 
Slopes ooold never perceive the slightest dilatation oir cantoao* 
Uon. At each stroke, however, they beoome stiff and rigidy aa 
if .their filwous coat had contracted almost at the same moment 
with the ventricle. By thia way Dr. Amott 8up3>oses that 
tiai^ir natural elasticity is counteracted, and the heart enaUad 
to pmoduce iits effect through them, almost as it would threui;ja 
twA^ of metaL On such a supposition the full foree of the 
iieafft '^^uld be transmitted to the capillaries^ aa much blood 
bfdng disehaiged from the extremities of the arteries aa ia 
ligeoted into their commencement. It would appear, homver» 
that some slight yielding of the sides of the vessels must tafcfi 
jjdaoe, otherwise the pulse would be instantaneous all over tb^^ 
body, the blood being moved by each stroke of the heavtw 
exactly as a row of billiard-balls are put in notion by 8tciki9g^ 
the first. That this is not aUogefiher the eaae, any peiwn im^ 
satisfy himself by placing his right hand on his heart, and hM 
left on an artery, which he will find dose behind the inninr 
ankle of his right leg. If he now attend, and that the aotion 
of the heart be not flurried, he will find that the stroke at tha 
ankle is distinctly, yet at a very short distance, after that at 
l^e breast. But this could (miy be produced by a sUght 
yielding of the vessels, and their subseqvaent i«aotion on theiv 
contents* It is only on the same supposition that we- cai^ 
account for the fiict that the stream ^ blood in the eoiall 
arteries is nearly uniform, the jet that tak^ ^ace in the.talgft 
artariea being in a manner lost and diffused through theetaatk* 
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etty-of tiie vAa, as we «ee tti« mpre'VaaM h^ 'Qunn^w 
SiNie into vater, extandinf itmlf in triittAag bnt'lMfr perdtp^ 
iiMe ciretM, till it finally dlBAppeaAi. As tb« blood 'getii 
tsithwt froia the Imrt, its forwud motion ie dlmtni^Ad, M 
iMl in eonsequence of this d%ht yielding:, M b; fiidieay tha 
affect of eoTTM, the angUa at which tile anall twnIh go offj 
fcK Two provisions an made to enaore ita adTanee, first, ti* 
•bsnnel ia widened, and, second, the dnmlar fifam of tJib 
Uteries, and, conseqnentlj, their contractile power, it InoMwedi 
Dr. Amott aeema to think it impoeable that the otteriw 
]^nld exert anything like a piopalsiT« power on (be blood, 
tcoMtM they have no vermicular or progteWive eontractink 
Now, it spears to us, that this is not raqninte, on tbe rfmple 
ptineiple that if a fluid be preaeed or reusted on itll allies but 
one, it will make ita «bc^ throu^ that <»ie; thos,' tH» 
tttoiea preMing the blood, as the hand wonld graap a bottf« of 
Indian mbber, and return being rendered inqKMaible by t)M 
'MlvH at the commencemeat of the aorta, the blood' tmst 
clearly pan the only way left open to it, that ia, through tbe 
opillBTiea into the veins. That the channel widens, is nbt, at 
firat sight, so evident ; for we know that the aorta, as it poaaM 
airag, divide into biancheB, these ^;ain into smaller branches^ 
nd M on ; bat what we mean 
ia, tlist the capacity of all these 
hnoiches taken together, ia, for 
my given space, greater than 
lliat of the ^ank from which 
Ihay were derived. Thus, that 
Ifas section of tiie two hntnchee 
tit a ia greater than that of the 

trank at a, and that the section ' 

of tbe fourljiaDolieaat o'fagain 
«Metdi thM of the two at a. 
IHifa is sotnetinMa expressed by 
■^^ng that tbe arterial BTstem 

d by a cone, tbe pAat of which is at tfaa heartland 



iiitbiuB(ifdbt9dieJeiiiAKe>df.tb«rbo4{^ijj^A wor^j^^nr^ir^^s^ 

1ingidEEBfli,vt«d|t;a$'imi!A{leaM >«<ff(!ffMoiit«d,by^jtke(^^j^ 

jMonLiixaiisdf dididkii^i^ nftbcf T«j4»b»4Q/tl<«i7. ^»i»te9t| ^91^$^ 
tions. NoWy as the section of the head of attr^ie ^i msiyjf^f^ 
would show a mtwesteoded surfiMaxthan a section of the 
4llAn^^ab{a?se^tioa'ix0'tho)8mBUJiB» flftcmal tubes will. ^hpj^r an 
ffi^e^as^^tstpsB^it^ Bg oompared with ^he aorta :. «ttch| atl^i^ 
9itteitliOTr«ntttiof Jiohii'Hunteir'S'^speiinNsnts on this suhj^c^.^ 
^uv>irh0^fn»tibikM the blood being facilitated and coutu;Lue4.t^ 
tiie0e'iiifflflftMiit«aBRv»s at the capillaries almost with the fiozce 
Unha^l^hfeniicHmng the heart.^ • Were the capillaries^ the^rfiifiois^^ 
'^i{)^it«l>el^ tl^twqnld.be Bofficicmt to carry the blood th^rpi^h 
^m^ikad* trstom it* by the veins to the heart,, without ^^ji^ 
lleutltfenp^aaE&tMtte; But • ihis is not the sole objeoty ntUaififtfi 
aful^:««;»if«e(»r are toi 'be performed ; these take place inljie^sc 
j^iiyHtife8,itiiey ace vital actions; thwelore the capiUaries aif^ 
%ildawed<'<\^tlL vifcal !powers. In consequence they aro.abl^' 
tAlhei^ito/'CLose themselves agunat the arterial current^ o^itQ 
^Klatevfeo'l^tinlDeceive a greater ahare, or to delay the blpo4^ 
itiilbiandiflaaelB^ or^ finally^ to return it by the veins. , It istra^ 
Jthittxwei'tttlribute to them these powers, more from reasonijig 
'lth|tn/^rom" observation, for their extreme minuteness ^pdaofts 
-tkieiii4iliiioBt beyond observatlim. . But when the saliva JfK«^ 
4a^ thie<mimtlvii8 soon a$ a sapid substance has entered A^j^ 
it not that the capillaries supplying the salivary .glands dfVM)^ 
usortais ta bring// tbem «a nnusiaaL quanffcity of fluids It<^ not 
(tbftilke^ ^M act^.n^ore Vigorously, for then every Qtlffipf^lt 
'ki£^}u»pod.y>monli h^ve its supply increased at. th^.^amfi t^f^ 
jil^JbnotAheiiaigB acteries,. for then,.thie face.wovtR.be^AufBt^^ 
-flttd the tem^ilesf thvob when wer^atrn^r is4t,i^ith^8j(^ 
^ttdll tU4t jfchttiaclion. c^mjm^neesvfprithi^igi^l^d .(^^ftsF^f)^ 
^^adk»ialivar.witbotot blood, thana car9«A)^>^¥^'ii^4^( 
aiAhjiotf MNiid« » Wtiare^ th«i^ cf^'th^: act^.^bft J^ii^H^j^j 




B^ikVWia^-^Vi'^fym fl^>8ighjl'ofiw(te;tdai9nhnetoitet^liaMtM 
.tisfj^dl&rfei^ of iiftid' l»hpji'mal!'>^^d>hiBLV^ Mceeurad>;ttee]gB>a{^o4 
^fttt«l6'iBtiilliilufi|/h<i^'>enlJilrged>'«hel)^^ 
iB^fy^ With' tt ^ttddMSfeM; that ai^oifeetind&atapltlie JvissJatn^ 
^^i^^Omt^phr^tB^^ mid 'Oa&frA ^« 'peicfdet juB^aaistiA bsoutjrotf 

'"'* Ab' to>ther mode in* which itheir> aetioni(4ateMi.p]a(;9^ilte 

<j£hiht\^ i^taacms thus : ^ A* muscular' oapiHarji. M^^-Mi^nd/Pt 

ejtoUgh to ihnt itself agi$in8t the cufUiJdii.ouittokf^jolii'^llw 

Ii^aii^' is idso strong enotigh to piopel the Idood' tAitlttCheart 

dgiaih ihroagh the veins, even if the TeaistaaQeioUithttb.sidefJWsli 

ifis^'^reat as the force on.the other. For^ if we fli^posd Abftifinl 

([(h^lOscr fibre of the tube to close itself oompkteljf; ii')itMml^|af 

dd^krse, be exerting the same repellent foree on bath)flisl^'Xrf) 

ills regarded both the arterj and^em. .■ If, thcn^iti»(SQni^fi)f 

ifing^fibres, forming the tabe, were to ooniiaet.isixAitOQftsibft 

.tiywards the vem, as the fibres of the intestinal oankil^edfcitMi^ 

in propelling the food, it is eyident that all the. blood j in. Itto 

^pillaiy would thereby be pressed into the rein tonnardSiSA^ 

hektt. If, after this, the capillary relaxed on itiheiside tosirat^ 

the artery, so as to admit more bloody and agfun; cojitrtiiM 

ift^Wstda the yein as before, it might produce a forward )maiui|i 

''df'llhe blood in the vein, independently of the heart. We,'klf 

''<d6tk^, merely state thiis as a possibility, for the iniimate xttk- 

"tnre of capillary action is not visible^ and has notcbeen peal- 

'tftely ascertained." ' : Ji 

-"* ^ The capillaries of' the absorbent system^ whicfaf w£ haie 

^^^flcHbed ill their proper place, opening upon the' inteBtia^, 

•e^ibltan active pow^in selei^ting and takiag^np tfaefparts^of 

eili^^iid; which being changed into chyle^ aduEid' /tkcdui thciifer 

^itypei'^siinitilus i in- the' same way the' «alpiliari(SB«f iU^ bnt 

fHeOtis i^ystdm eidifbit ah aeUve power in takii^ rihe hJoM 

Mm the krteiieis ahdi tJOnveying.it into th«< veinsv luAatiS^ 

Skxitio&^e'fkA^'toiM tittle after the IMb oftiiM bodfjfftas 

'iAiukti, "aky'di^n-^^r €heiMB'^mfpfiee the aiUri^'a»|- 




916 m»^mmmuTwnL 

iMlr^ .iIi,t?M.tiM»>tliiit(fer tt> xttaAjrjriMnBtpMiraited nuitfiEita 
ittlfOiraruig'tiM 0ic«iikti0n'; fonfiAlIng then TMiris dvplgrt Ja 
ifce,dMd;aiM>j«H|i Aejfi conoladed 4h«m M be. eqvtllyt gpatt Jthe 
livings and aoootdiiigly; jxumU tAMOt tuiuckt inr 'l^aninlai 
l9Jidit%' • /im^ otiber subtile and povrarfol ag«iti^ which #eTer 
hadibaiAUM«9 mm in the bnoos of tbtir iar?ento8» and soJUm^^ 
tlbnm9diihem'ym/i^'^Mten0tfOt^ir^49ib6f^ a name wbichiilie7 
Mm: 40|.4bi8Mday, Thne ai« some inateniiei» Ju»w«r«i^tiil 
tvhieh'ihe^kftth beliig inatantaaeou^ as from lighlniag^ ihe 
tpUfsUmH lose all vital pawer at the Hme time aa the mtrj^f 
th# lD(9djvttB«lt'in sttehiaBe% the arteries are fotmd filed wiA 
•flliild.Uo0d«. The some iaaoid to eocnr in deaths tena.tkil 
«etient:of/<CMtain poiaooi^ iadaciiig general idaxstion eC the 
liiiiaciitlar e^notem ; and this has been addiieed as a fiuliMa 
fMof.iof the similaiity of the fibrons eoat of the artenas ^ 
lailsoiikv snbstaaoSk 

v> ■ 'The' blood has aiow reached the reins, and, as we have eesHj 
lUTittli A Joroe not much diminished from that witii whi^ it. ait 
^Ui .Its impetaoos gosh, however, is modified into a tnot^ 
afOihls, gentle lew, bat still, as it appean, sufficiently stmng 
toi convey it back to the heart. This is necessary, as the veini, 
possessing no quality but simple elasticity, are unable to «Ai 
tnything to the impulse. Their valves, however, aflford.ii 
mechanical aid, by dividing the whole column into a mimbwt 
of leeser columns, and as the veins lie mnoh in the neighbow* 
hood of muscles, every time these contract they press on the 
veins, and so cause a portion of their contents to advaim 
lowaids the heart, retrograde motion being prevented by the 
'valvQS* We sometimes have an unpleasant proof of the use of 
these valves, for, should they fail to pearfifmn their offieey aa 
soMeUmes oecurs in the lower part of the leg, the wheJa 
column of blood is aUowed to presa on the inferior partsof thft 
veinjs, these become distended, tortuous, swell beneath, the 
skin^-and require the support of bandages, or a laced steekliig^ 
to prevent them bursting, and a bad ulceration coming on» 



!Ihifll'aftoiiKii.is tiilu%'(]aK)Wtt Nii]id«]<(tl>»)tu^ 

IpediAgrth&^tatam «f the iiiood; Tight gitttMn ^g:^^ >o]i<>Mb 
«6(k>«&t^ to btt s'raididf pftrtieulttrlf on yduhgi'^yilflM^'lil 
Whom the parte «fe«dll tender «Bdyi«idifi^/'^'' "<* ...mu! 
' Wo* have aour goM timmgh dm^'all ikie ^pow^^i^ittiift 
JV«^ ^he blocN^ 8Bd hav« marked the M6§t -tmi'mwif^f^ 
^S«ii tif «ichv There femefaie one^ tO'whidi'^M' beflsfenil^ 
indad^aad '#falek has been much spoteen of^ im t;etiiMqiieiiei>Jef 
Mie taoganlooi esferiinentB and •obeermtitina of 'i>^ fiarfy^aiMt 
CanoQ. Thte is what is called tbe iuoHmi power of tibtetLiuff^ 
ttdlseuppoBedto have as great mfliienbe in -diltMQgitti^ tU^ 
Mvod Uirottgh ^e yeins^ as its centnctile power hdulih' dtiidbf 
<Mt tbe bloed'tfaiough Um arteries* To nndemtand what^ielitef 
SMm by thiS| trs must observe how tiie heatrt/isaitnateil 
ivlthin ike bony walls of the diest^ whidi sirre ii £roin<'tli« 
effects of atmospheric piessore^ We must alsv iDtaemlMr >that 
Hie cairities of the heart have an active power ef'^eniai^ing 
themselves. Now^ during inj^iration, the c&est is ehlai^ed^ 
tile ribs are drawn upwards and outwards by the action lOf 
ih«tr muscles^and Uius fireer space is left for the heart to dHato 
iteelf*. Under these dienmstaiioeS) the auricle, having di»i 
charged its load into the ventricle, opens itself out, so as^io 
£>]!ta a vaCA&um at the head of the veins, whkh it is argued 
UMlst suck up the blood from them, or, to spei^ more ooiv 
reetly, alk^w it to be forced up by the effscts of atmospheric 
pfessure, operating on the veins in all other parts of the body, 
hfiit tdken off them here in the manner diown. 

There Is no queslaon but that something must be aUow«i 
Ibr such a power, though its influence has been easceedingly 
^vefvati^d. If we make a wound in the sides of the ohest^ aiSi^ 
wlll'rtish In' daring inspirstion, and be expelled during expiia* 
iloa; or, i£w« insert a tube into the opening, and place the 

^ It fni^i be supposed that the atmospheric alf rashing Into the ink^ 
w mid i ysMB mk >i>e .hatrt, wMoh Ue9 imowdiiiWy aa^ataiDatg fthetawbut tkft 



resiliency or elasticity of the lungs, which enables th^n to resis^ part of thjb 
pnteur^/saVed the heart, In so far, from lis effects. 
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other end of it in a coloured fluid, we shall see the fluid rise 
in the tube during inspiration, and jEall during expirsti<m. Dr. 
Barry inserted a tube into the jugular rein of a horse, and 
laying the other end of it in coloured fluid, observed exactly 
the same result as we have mentioned. This showed the ten- 
dency of the heart to form a vacuum during inspiration ; but 
there is quite force enough to return the blood without any 
such assistance, which scarcely can be regarded in any other 
light, than as a consequence of the heart being placed in the 
same cavity with the lungs. For, if the vena cava inferior be 
tied near the heart, it will quickly be swollen with blood, and 
if opened below the ligature, all the blood from the lower ex* 
tremities will be discharged from it, though the vacuum caa 
have no influence here. Hales inserted an open* tube into the 
vein of an animal, and found the blood stand in it six inches 
higher than the heart; there was little necessity, then, for a 
vacuum, or a suction power to draw it up to the heart. If 
you press on a swollen vein in the hand, the part above where 
you press will not be emptied, as it should if the suction were 
powerful. But, beyond all these is the £Eict, that no suction, 
however powerful, could raise a fluid to any distance through 
soft yielding tubes, such as the veins, as any one may convince 
himself, by insertii^ a syringe into a gut filled with water, 
and trying to draw it out of it; for as soon as he had raised a 
little of the water nearest the syringe, the atmospheric pre»- 
sur^ being equal in every direction, will cause the sides of the 
gut to fldl together, and so to make an end to his experiment. 

The atmospheric pressure, however, must exercise an in- 
fluence over the circulation in the head, for this being an air- 
tight cavity, and its vessels, therefore, perfectly relieved from 
this pressure, it is evident that as long as there is any blood 
sent out from the heart, a due proportion will be certainly re- 
tained here for the sustenance of the very important organ it 
contains. Mr. Kellie, having in some experiments bled animalit 
to death, observed, that though all the other parts were per- 
fectly blanched and bloodless, the brain contained a larger 
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quantity of blood than usual, from which he was led to the 
singular conclusion, that an animal, wadeac such circumstances, 
dies of apoplexy. It is probable that he was deceived as to the 
quantity being Increased, by comparing the appearance of the 
brain with that, of the rest of the body; but it is certcun that 
the vessels of the brain would be kept in their ordinary state 
of fulness, by the atmosphere pressing on the jugular veins, so 
as to prevent the return of the blood, while the carotid arteries^ 
in consequence of their deeper situation and stronger sides, re- 
mained open for its transmission. 

The quantity of blood sent to the brain is very great, in 
proportion to its size. Haller states it as one-fifth of the whole 
supply of the body ; and though Monro reduces the estimate 
to one-tenth, still we must consider this as a very large pro- 
portion sent to a part, which, in weight, is not one-fortieth of 
the whole. Although such a copious supply is thus provided, 
yet every one knows the danger of a sudden gush of blood to 
the head, and, accordingly, this has been guarded against with 
the most scrupulous care. In animals that hang the head in 
feeding, such as the ox, sheep, &c., this danger would be 
greatest. Therefore in them we find the most beautiful pro- 
vision against it; for no sooner have the large arteries arrived 
at the head, than they divide into a number of small branches, 
which, after forming a net- work, assemble themselves again 
into a trank, proceed towards the brain, and then a second 
time subdivide for its supply. The only object, then, of the 
first subdivision, is to break the force of the jet of blood coming 
from the heart, and ensure a more steady and even flow in the 
vessels of the brain. It would be wrong, however, to consider 
such an efieet as merely mechanical; by it the extent of the 
arteries is increased, of course the amount of their vital con- 
tractility is increased with it, and they obtain, as it were, an 
independent regulating power. In the instance given, this 
power was used for lessening or moderating the flow of the 
blood ; but it can also be used for increasing or strengthening 
it, as Sir Charles Bell has taken some pains to point out. 

p 



If a tnmonr eommefices growing on any part of t&fe body, 
fhe arteries sappfying that part, though before straight and 
even in their coarse, will become enlarged and tortnoits, carry- 
ing more blood, and deliyering it with more power. lie 
cttrgeoo knows that when called on to remove the tomonr, 
should he cnt one of those tortuous yessels, the blood spouts 
&om it Ynth much more force Hisn when the vessel was 
straight. The artery^going to the breast in a wcnnan is natu- 
rally srfcniight, but when ^e commences to gire sock, and so 
an increased supply is required, the aiteiy immediately be* 
comes tortuous. The arteries supplying the womb become 
extremely tortuousjduring the period of gestation. Th^ tem- 
poral artery m man,|[which conyeys blood to the top of the 
head, and may easily be felt beating at the temples, is well 
known to be tortuous, yet the object liere must be an increase 
of power to urge the blood up against the resistance of gravity ; 
the arteries supplying the lower extremities are all quite 
i^traight. It is, therefore, evident that the mechanical obstacle 
produced by the various directions given to the current can be 
more than compensated by the additional extent of contractile 
power acquired, and that the object of the subdivision in the 
one case, or the tortuosity in the other, is to give the arteries 
a greater control over the supply. 

In the human brain there is not the provision, described in 
the ox or sheep, for^ savingjit from the effects of the heart's 
action, which we may, in passing, notice as an argument, W 
argument be nece8saTy,lagain6t the absurd opinion, that man 
-was ever intended to walkfon all-fours, with his head hanging 
down. The matter is sufficiently provided for by the efibcts 
of gravity, and the bending of the arteries at abrupt curves^ 
just before and immediately Tafter entering the eShiII. It in 
also worthy of notice, that they divide immediately into a great 
immber of minute vessels for the supply of tiie brain, no trunk 
of such a size enteringlits substance, as could, by Its pulsaiCldn, 
cause any cKsturbance. The return of the blood from the brain 
is provided for, not in the ordinary way of rbins uiAting'ib 
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forv^ tnipk^ tbesestUl Haigdr trunksy and so on ; but iheamall 
veins oil discharge tjb.emaelve9 into certain cavities, termed 
finusesy generally formed on one side by a groove in the bones 
of the skully and, on the oth^s by reflections of the firm 
j&brons membrane, which forms the general envelop^ of the 
brain. By these means they are constantly kept open, so that 
the blood flows into them with mi|ch ease; and they also 
resist ^jUatation, the effect of which would be to produce pres- 
sure on the brain. No valves are to be found in them, as they 
are not in the neighbourhood of muscles that might compress 
them, neither are they subject to the weight of the atmosphere^ 
nor yet does the current rise against the power of gravity. 
They prevent the bad effect of a reflux, which may take place 
during any temporary obstruction to the entrance of the blood 
into the chest, by dividing its action amongst all the little 
veins entering them, so that the shock which would rupture 
one, is rendered harmless amongst many. 

Tke pulse is a phenomenon familiar to every one, yet the 
cause of its occurrence is not perfectly known. We have seen 
that the heart at each contraction sends into the arteries a jet 
of blood, and almost at the instant this occurs, a finger placed 
on the wrist, or in any other situation where an artery can be 
impressed, will be sensible of a stroke. It was, therefore, 
thought that a dilatation of the artery, caused by the increase 
in its contents, was the cause of this stroke. But it appcaro 
that the dilatation alone is not sufficient to account for the 
pulse, inasmuch as Dr. Parry could not, in the most careful 
examination, observe any dilatation in the artery; and Dv* 
Barry, having thrust lus arm into the chest of a living horsey 
^d laid hold of the aorta, found that it gave no pulsation, 
iinl^ss he compressed it. There can be no doubt, however, <^ 
th€;re being a certain degree -of dilatation, for, as the blood is 
i^^f^Qii^pressible) there is no other way of accounting for its 
^^th suable motion through the capillaries. The sudden 
yiffon^ng of the artery to aid in the transmission of the blood, 
ff^i9i»f. be a cause. Between the jets the artery is flexibii 

' " P 2 



mSiyM^&ogy ilierefiwre^tlpiA &igez/Pji:^^9 jl; wit^o^t^^fficijiltj; 
Ittti'^^heii'tiie j«ft eomes^ t)ie contr^t^e coat of thQ.ariery iiid- 
Mtly adts^ and jOOiKvocts it intOi a ^Tgid tube under t^e fing^ 
.^Hetker csnae m$^ be a ^ljgbt chan^ie, of pl^ce tbat occurs iiji 
sneh arteriea aa are bent.oritqrtiaoxis ; the gush of .fl^id will^ as 
"yfm have before ex|>lain0d, attempt to atraight^n the.curvesy 
iffid the effect will be ilm tbroiwing up of the artery &om it^ 
^M. The sort of vibration conveyed along the whole, dui4 
must also ieaiati as we can convince ourselves, by filling any 
^elastic tube with fluid, oi^d exciting a motion in it^ by tapping 
at -one elid ; it will quickly be conveyed to -a oonsiderable di^^ 
^dbcSi We see^ -tbus> that the pulse cannot be refenred to any 
tangle canse^ l^t that several i^ust be considered in attempting 
tO'Hecount'for it. , 

' It how only jreniains that we should say a few words of the 
Oftusis that led to the discovery of the circulation, and ihe 
aitgam^its by which it is proved. This important fact was 
dikovered by the celebrated Harvey about the year 1620, and, 
<we may soy, resulted from adherence to the principle,, which 
in physical inquiries should never be lost sight of, that Nature 
does nothing in vain. Harvey, in the course of his anatomical 
researdies, observed the fact, that the valves of the veins all 
'Opened towards the heart, but shut back so closely, as to resist 
the Tetom of fluid, or even air, the other way; he at once 
^lecided that so remarkable a contrivance must have some use, 

•that that use was to admit the flow of the blood in one direc- 

itidn, but resist it in the other, and, ■ consequently, that tl;e 
blood did not ebb and flow in the veins '^ like the tides of the 
Euripus," as had been the old opinion. Some chaimel was 
now requisite to take the blood out to the body, the veins 
being oply calculated to return it, and what channel so nrop4r 
aa the. arteries? To put the matter to the test, he opened ^an 
arfcetyin tine living body and out gushed the blood. So ifir 
rwas>8ilti0£EM^iy; the artery contained 

..was it taking? Sfi tied an artery. 

i peacliio>tibe h^r^> theisfore its bipod 




heak; 'He'tied a'veln aiidii€ dw^Ued ai the siae ,rail6t^,«ta» 
the hearts therefore ltd hlood was i^taiciing tcywerds the heicti 
de ciit across an arteryj the jet'of hlodd Ufdk place :firDm thlii 
neart-side; he cut a rein, the blood poured from the body-»eid/a* 
He showed that an animal would hleed to death, either fkam 
aii artery or a vein, which clearly showed their eommunica^ 
^ibn. Finally, he opened a cold-blooded animal, and obaeeved 
the whole process tliat he had thus beautifully aligned out; the 
veins filled the auricle, the auricle passed the blood to the 
Ventricle, the ventricle contracted, and -sent its load tlicoiigh 
the whole body, whence it was again to retom streaiming 
through the veins. The proof was now complete, and entitles 
him to the glory of having worked out one of the most impoHaxd; 
discoveries ever made, by reasoning alone, without toy mixture 
of accident. Little, we may say nothing, has been added to 
his demonstration ; in fact it needs nothing. Malpighi, Leeur 
wenhoeck, and other microscopical observers, have seen 'the 
circulation going on in the wing of a bat, the tail of a fish, the 
web of a frog's foot, the mesentery, and other transparent 
jparts ; but this, of itself, would have been insufficient to prove 
tiie e^cact progress of the blood, and, indeed, without the pre- 
vious proofs, would have given us very imperfect notions. 
The discovery is peculiarly Harvey's, in it he was both original 
and complete. The passage of the blood through the lungs 

'Iiad been imagined by Servetus, a Spanish physician, and the 
mixture of the blood and air in them, supposed to give birth 
to a vital principle. His description occurs in his work, callM 
dhristianismi Restitutio; but can no more be said to have led 
to the discovery of the general circulation, than the cd«][)vat4d, 
piassage in Seneca to the discovery of the new worid.r / 

^ With the humility of a Christian, joined to the spirit ef a 
philosopher, Harvey continued his investigations* intathft^ani- 

^ma!t body; his researches were crowned with sneeess, but<iit. 

^*^"es not lie within our present scope to notice them'forthflr. 

e may be allowed to express our regret that we have been 

epnvld'o^'thb results of many of these by^the'rutldestiiaBarpf 
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civil war. Harvey was loyal^ as well as pious. He had shared 
the prosperity of his royal master, and with equal readineas 
accompanied him in flight and in adversity. His museum was 
plundered, and his preparations destroyed, by the parliament 
party, yet sufficient remained to enable him to give the world 
his ExercitatwneB de Generatione Animalitimf which illustrated 
in a new and striking manner the declaration of Holy Writ: 
** Wonderful are the works of the Lord ; sought wAof <M them 
that ha/oe pleastsre therein/* Harvey lived to see his doctrines 
triumph over all opposition, and died Ml of years and honour, 
A.D. 165B. 

[If it could be given us to trace the paths of an individual 
mind which lived before the appearance of literature and science 
in the world, and if we should observe that it had taken the 
right course towards truths which some after traveller has 
laid down with acknowledged accuracy, and which still bears 
his name on the great chart of human discovery, we might 
hesitate whetiier we ought to yield entirely to the last the 
envied €vpf)Ka of research. This is no imaginary dilemma. 
There are few portions that so betray the weakness of partial 
opinions, and the illogical ground on which they seem to rest^ 
than the discussions, as fatal to right feeling as to all true phi'« 
losophy, that invariably follow every great discovery, and 
which have not left ev^i revelation intact. No sooner had 
Harvey, in 1628, published the facts of the circulation of the 
blood, than m«n discovered that in the writings of Solomon^ 
Hippocrates, Plato, Aristotle, and Gralen, they could read of 
the same facts and the same discovery. And undoubtedly l^ey 
could do so to a certain extent; but they forgot to add that it 
was by the lamp of Harvey's genius alone by which they were 
enabled to see in the loose analogies of the ancients the positive 
relations which he first unveiled. More than 2000 years had 
elapsed since the works of Hippocrates had been given to the 
world, yet no one had found in his observations, or in those of 
any other author, the clue to this more than Cretan labyrinth^ 
till Harvey published his Exercitatio AncOomka de Motu GaT' 
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ths et SangvinU in AnmaHbus; aad, wefe it possible to extin- 
guish the light which he aheds upon the past, the shadows of 
truth that are now seen to chequer the pages of ancient litera^ 
tore would once more be hidden from us^ for all would become 
equally obscure. But happily this cannot be; like the photo- 
graphs of D^Uerre and Talbot, genius transfixes for ever 
shadows that pass over the minds of many, though none eke 
have power to arrest them. 

Before we pass to the quotations which at one time formed 
the texts of many a bitter diatribe, let us once more assure the 
reader that their authors were quite unconscious of that fulness 
of meaning which later facts have giren to their words. The 
following is the first step of error: — ^In an ancient work we 
£nd words which express our own familiar ideiu of some later 
discorery, and we at once assume that the impressions of the 
writer were the same as those of the reader; but words, which 
are yague, are the only medium andjtest of this relation; and, 
amidst the multitude of metaphors necessarily nsed before 
inductive science taught realities, is it to be wondered at, that 
a few, when taken apart from the context, correspond to the 
form of expression of the fisicts themselves, since discovered? 
We shall find this to be the case in the present instance. Solo- 
mon, writing nearly 8000 years ago, compares the heart to a 
^untain, the liver to a cistern, and the circulation of the blood 
to a water-wheel; and Hippoeratea^ 500 years later, compares 
the circulation of the blood to the course of rivers, to the ebb- 
Ing and flowing of the sea, to the revolutions of the planets; 
now, is it philosophical to pick out these metaphors, unsup- 
ported as they are by a single &ct recorded in the works firom 
whence they are taken, and affirm that the ancients knew the 
eiitnlation of the blood as we know it, and as Harvey first 
taught itt The ancients knew that the blood mored, but all 
beyond that &ct was metaphor. The anatomists of the Alex- 
Adrian school of medicine, so late as the time of Gralen, taught 
that the arteries were filled with mr, and the very name of 
brt^ means I held air. The following are the quotations itt, 
chronological order. 



til ^^l f^^ fiXflP^.^^ W^Mriofl^ 

f^e jeartli as it was; i^4 tb^e spint sM^ )«^Mri>< uiM^ G^^ "^Iff 
gjvre i.t,"— ^/«*i<w^ef, adi^ 6> 7.. . ,^. /^ 

The silver cord is the spiral marrow; the goldea howl, (Ui^e 
i^ull-cap.; the pitcher^ the heart; the wheel, the metaphfiiri^aJl 
circulation of the hlood; and the cistern^ is the liver. . , 

. , 2» " The reins, extended throughout the. body -exhihit lifey 
and flox^ and. motion: many, branches spring from one, but 
whanpe that one axiaes^ and where it temxinates, X ki^w. 
n^t;; fc^r a ckcle being described, the beginning is not to b^ 

fami^-^H^^pocrafei. 

- 3* *^ The heart is the source, of the veins and the foyn^.pf . 
the bloody which circulates {ir€pi(f>€pofi.afov) through the wh^ii^ 
body with some d^;ree of force." — Plato. 

4, '^ The blood flows through the veins, and th^ vesi^ 
reoeive it from, the arteries." — An ancient scholiast of JEuri", 
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Chapter IX. 
RESPIRATION. i,,S 



I 



Rbsfibatiok is that function by which the blood, exposed to,, 
the action of air, is rendered fit for the nutrition of the bod^^ 
and the stimulation of its several organs. This exposure ta]ces... 
place in different modes in the different classes of animals. , , In 
man the lungs serve for this purpose; in fishes, gills; in 6iqn^._, 
sii^gular animals, as the proteus and siren, both lungs and.giJl,s. 
OQGur; insects have neither lungs nor gills, but the bo^^jb^.^ 
penel^rated with tubes conveying air into all .its parts, .wWJSix 
lower still all these provisions are wanting, and respiration 
seiems carried on by the skin alone. This is an illustraUbii^ ^f^^ 



Kdlo#iii#4^y6i^aQdltlftoiigh'tlib sealie of dtiimak, yre 6bsery^ 
Itf thtitetga a'ifegttiar»degrtfdtfti6n before it totally aisappeto.'^ 
Ae fbtt^t!6tt^' hoNpretter, ii^ necessary ill one mode or othiei-, tb 
every animal, a &ct so well kno^^ as to have become a prtH 
Ve^/ ^ necensarjr to the air we breathe.'^ Spallanzani made 
^ttmerons experiments on small animals, which he introduced 
under the bell of theair-ptimp, andfbimd that they inyariably 
«Beii soon after he had exhaustod it of air. Or if he placed 
them in circumstances that prevented the renewal of the air, 
death' aho followed in longer or shorter time, proportioned to' 
Ae quantity of air in which they were enclosed. In these' 
cases the air was always found vitiated. One of its principles 
(oxygen) was gone, and in its place was substituted carbonic 
add gas, which is &tal to life. 

Hales found that the same laws held respecting vegetables :; 
they too died when the Mr was withdravm, or vitiated the air 
Vrt^ which they were enclosed. It appears, therefore, to be 
an universal law, that air is necessary to life. We musl^ 
therefore, commence with a short account of air, its composi- 
tion and properties ; next, consider the mechanism by which 
its action on the animal frame is ensured ; this will lead us to 
a review of the re^iratory organs in the different classes of 
<miTnAlg^ and their beautiful adaptation to each ; we shall after- 
wards consider the changes that have taken place, both in the 
blood and the air, consequent on their being brought into 
apposition ; and conclude with some remarks on voice, speech^ 
and' certain other pheenomena, such as laughing, sighing, &c., 
connected with our subject. 

' ■ The air is that invisible elastic fluid by which we are every 
where surrounded. It encompasses the earth like a shell*, 
probably to the height of about forty-five miles. Its gravity, 
thAt is, its attraction towards the centre of the earth, wliich it 
shjtr^sf in common with all other bodies, fluid or solid, pre- 

* The .weight of this shell of air as computed by Dr. Thomson, Ut bis system. 
of' ^dttiiBtiry, is 1,91I,163,227>258,19],818 pounds avoirdupois. 
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reoM it firom flying a\mj- or yielding to the aitaBeti«n oC tib» 
son ; while its dattieily^ or the tendency of its partielee to 
leoiore themsdres from one another, sayes it firem inlling down 
altogether to the earth's snrfiioe, and condensing itself into pro^ 
hably a liquid, or solid orast around it. The consideration of 
these properties of the air belongs more peculiarly to the science 
termed PneumatkSy but their utility is eyident in ensuiiafg 
us an atmosphere proper for breathing. We are at pee^ 
sent, however, most concerned with the composition of the 
atmosphene. By the ancients we know it was looked on aa a 
simple body, and counted as osie of their elements^ out of whioh 
they supposed all other bodies to be formed. 

A series of beautiful experiments, howeycr, have now de- 
monstrated the fallacy of this opinion, and the names of oar 
own countr3rmen, Boyle, Priestley, Cavendish, and Black, rsnk 
high amongst those by whom the true nature and composition 
of the atmosphere has been disclosed. It essentially omh 
sists of two gases, oxygen and nitrogen, in the proportion of 
twenty-one measures of the former to seyenty-nine of tbo 
latter, in every one hundred measures of atmospheric air« 
It matters not whether the air examined be brought iron 
the highest mountuns^ or the deepest vaUeySy this pKopoth 
tk>n continues unvaried. There must, theiefbre^ be a 
reason for this, and the reason is, that as &r as the resettMhw 
of jmeuBHitic chemistry have gone, and no science has besit 
cultivated more diligently or succearfiolly, there is no other 
gas, iio other composition of gases, which could, oonsktently 
whh health and Hfe, continue to be breathed for any length «C 
time. In addition to these two gases we find less than "01 oC 
carbonic add in every himdred parts of atmoipheric air, yst soi 
constantly found as to be looked on as a necessary ingredieBiS*. 
It would appear that this is not useless either, as the ejq ye rt '. 
mentis of Saussure seem to show that the presence of a oertain 
quantity of carbonic acid promotes the growth of plants; add* 
it merits observation, that at great heights the quantit?y.of 
this gas is much diminished; in foct, M. M<mgez, whoaodOHH. 
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panie^ La Blouse m his last imfortoimte voyage^ could ii«- 
tect none of it in the air on the summit of the Feak of Tene* 
Tifife; but here ^we know* regetfttion is at an end. In addition 
to thecfe, the atmosphere generally oontains watery vapooiv 
exhalations of Tsrions kinds^ oocasionally odours^ emanations 
fpom animal and vegetable bodies, and miagmata^ or contagious 
effluvia^ which, though so generaliy allowed to be the causes 
of certain diseases^ have as yet defied aU attempts to investigate 
their nature, or demonstrate their existence, otherwise than 
through the baneful effects attributed to them* These, howv- 
ever, as they vary in different parts, are oonsddered as being 
only accidentally present in the atmosphere, which, essentially 
consists, as we have said, of one^fifth oxygen and four-fif^ 
nitrogen. Now should a man attempt to breathe nitrogen 
alone, he is quickly suffocated ; the nitrogen itself is not in* 
juriotts, but causes death merely by preventing the entrance 
of oxygen* This property has Induced the French chemists 
to give it the appropriate name of aaote*. If, on the contraaEy^ 
a person breathes pure oxygen, he seems under the influence 
of a too powerful stimulus. His pulse increases in strength 
lovd tapidity: his breathing is accelerated: his &ce becomes 
flashed; he exhibits symptoms of high inflammation, which 
would supervene were the experiment continued. It is 
^evident, then, that dilution is required, and it is an object 
tlurt this dilution should be made with some gas> not in itself 
injurious to life. Of such gases there are but two, nitrqgea 
and hydrogen. But a mixture of hydrogen and oxyg»;i is so 
tiolently exploave, that were the atmospliers composed o£ 
this^ 1^ flist accidental spark, the fiist attempt to light a firs^ 
would hove blown it all up, and destroyed all the animals on 
tlto 8ur£Btce of the globe. Nitrogen, therefore, is al^ie proper; . 
nittogen, therefore, has alone been employed. Whether it 
may not have some further use in the atmoi|>here than a mere 
dSlnent, will be considered when we come to speak of the 
diai^es produced la the air by respiration. But another 
qveetion now arbes; one hundred cubic inches of oaygrai 

* From oLy pHyative, and ^wt;, Ufe. 
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tHhogea^ weighs but fTfeBtjJaAne.' Wliy,<i4Mii^ ttMnajr^; J^ 
«bilM, denes not the 'ox^eii'fiill'4o>the.botlonQS jo13 QQCiiX}><ia 
jgt&ttest qiiisittity to^wttrds the eairtb^ whilf the nitrogea fihowM 
ihotnut up, and be found mostabimdint in the nppec regi^itt 
of the air? That this does not occur we haT« eHifgandy iM^ 
flOidwe aire assured of the fact by the analyees niad&>'OC air 
brofoght by G«y-LnsBao from a height of 219735 &ety ta wiiick 
h^ had aseended in a balloon, and also of some hrau|^t. h^y 
Humboldt from the top of the Andes. This unifonn miJctoDe 
of' the component parts was at first attributed to the constant 
i^tation produced by the winds^ but this was yery unsaiis&e- 
tory. The efiect of the winds reaches only to certain heights^ 
during calms of long continuance no alteration is experienead 
in the composition of the air; and if air be confined in a taU 
g^ass tube, and kept perfectly at rest for several months^ the 
upper part will still be found to contain as much oxygen aa 
tfee lower. . i . • 

Dr. Dalton apfdied himself to the consideration of thia 
question, and the conclusions at which he has andyed seem ita 
us quite satisfiactory. He observed that, if he caused two yf^ 
sels to communicate by a tube, the one of which contain^ 
oxygen and the other nitrogen, a mixture of the gases soontot^c 
place, and that it seemed indifferent whether the heavier gis 
were placed above or below. He proceeded to generalize th^ 
foct, and found it to hold good for all gases, the lighter w^ 
variably descending through the heavier, while the heani^ 
rose through the lighter. This was an apparent CQntradicti<4i 
of the laws of gravity, but the contradiction was only apparent. - 
it wHl be remembered we mentioned another quality of gasfMfi 
Or aMform bodies — elasticity. This is the tendencyi yfhkti 
^e particles of a body have to recede irom one another, iA,aiw|- 
^<a^ce of a repulsive power which they seem to e^c^^lKJIie 
itmong^t ><&emsel'ves. It occurred then to Dr,- IMtoil^ i4bfA 
though they 'thus repelled one another, yet that they «tQcl^d 
liai^si»^tjpof^er.en.iibe partieks of aoy othtei; bf^dif ;i#jl^ iMs 
simple supposition resolves the whole difficulty. For suppose 



^sBtB'kw tiie3BaaBniami«r«fts^oiir pneseiit c^tiQ9splie]:^,tl|#j^9 
Uatil' its iQTthep '^fbilsion< 'were 'ebecit^oil. by- ^g^ ,pdu$f;s,.f^ 
^dMpoT graiTity. '. tNow bet ween, tbepaitid^s of tbi^ atn>(>B|>be]:9 
4f^ !i(ftrogen, !tiiere would essist apacea wbiicbitlie mjatu^tri^- 
'paMeir o€ the pasrticles pirevmted them £reia jOoeMpyiug* If» nf),^^, 
ji. '^ffirtity' of 03tygto Were let loose M tbe auiface :of tbe e^^ 
It- wchtld Tise iasto Bll'tbose spaeea^ iimspiiijcb us it» po^c],^ 
iprotld' tmff^ noi'rapaLsion frota. tbe .pairticleB- of tineixijl^x^gepb 
Idid^vreiild proceed to difiuse tbemselves.aljnQat ^a if no.,i|Ur$>7 
geii tiere <pi«»ent. Tbe relative propojftioDS, tbe^fore, ^tl^^ 
<gilM»' at any^ren beight, would always be tbe. sme, b^^ 
Ib)^' result of a common law, tbat ibe e^qpansiou of .gf^ifB^^f^ 
klE&^asuied by tbe diminution of pressure. . ., . , t ,.< 

'^•"1 Dr, Dalton's theory is, tberefore, pretty generally re<jelv^; 
imi whatever may be thought of tibis, the fact k UrEidoubte4» 
that the composition of the air is uniform at all heights fix)^ 
^Mch as yet it has been brought, and tbat this composition is 
4ti <the best proportions for the support of animal aad vegetailj^ 
Hf^. ' in confirmation of this last assertion, we may add tl>at 
kh€' same elements, viz., oxygen and nitrogen, in different pro* 
^rtions, produce nitrous oasideyihai singular gas the ijohalation 
1^' which for a few moments will produce temporary intoxieftr 
i^n ; or, if the oxygen be still further increased^ even nitrcm 
tfi nifyie acids, which rank amongst the strongest oorrosiye subr 
^ttmces we know, and would be instantly fatal if admitted 
'isither into the lungs or stomach. 

' "■ • ^' We shall notice but one more of these aerial hanaom^s or 
-lidftptations of the air to our necessities. It is tbisy tbat it^ 
^ijodiponent parts are so loosely combined that any body wbiQb 
-{ft)iH6efib08 ■ an attraction for oxygen remoyes it aa. easily > 41^ 
^&a^ it' were in a state of purity. Tluia^ lion ;e9p9^ 
^^tiickfy'^i^^,'tbat is, combines with the oxyg^.of the.aiiv 
i|^ttSfr^Li&g merely an <mde of iron. Tbe same may- 'be i$^\i. .of 
^iAi dther- Doietikld' that tUBt, corrode, or tarnish by exjiosaies 
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them woidfl ei^ress BotkiaguMte than thB coinJbiiiaiioai of cnidi 
metals with oxygen. Oxygen isalso vequind to eowbine with, 
or in some manner aot on the blood io as to ohange it &om 
▼Miont to arterial, but were the oxygen stnongly attraeted, or 
lieldy by the nHrogen, we oould not expect it to be separated 
during the short period it is allowed to aot on the blood in thio 
lungs. We are able to illustrate this by what actually occiub 
to ^h. They breathe, not water, as is eommonly supposed^ 
but a quantity of atmoBpheric air which is constantly held io 
soluticm in water. If we exhaust the water of this air by 
placing the vessel eontaining it under the leceiver of an aiiv 
pump, a Ml placed in such water under sudx circumstances 
would die ; the fish wwH he drowned. Yet there is plenty of 
oxygen around it, for water is composed of oxygen and hydro- 
gen, but they are in a state of such intimate combination that 
the fish's gills cannot decompose them so as to apply the oxy- 
gen to the arteriaHzation of its blood. How many provisions 
necessary before we could make a single available respiration! 

Now, to consider the organs by which this air is mad^ 
useful to our existence; for as solid and liquid nutriments ac9 
taken into the stomach, certain parts of them employed for 
the su;^rt of the body, and the remainder which is uaelesB^ 
cast out; so, gaseous food, that is, the air we breathe, is taken 
into the lungs at each inspiration, undergoes certain changes 
there, and when returned by expiration is found deprived of ^ 
portion of its constituents wluch have been applied to the 
uses of the system. 

In man and the higher order of animals^ such as quadru^ 
peds, the lungs are always contained within a cavity called 
th&rax or ebest. This we consider as extending from the hotr 
tom of the neek to the top <tf the abdomen. It contains the 
hmgs and heart, oigaaB of the highest importance. It i«^ 
therefore, fenced round and defended with much caxe and 
ibrefi^t, haring behind, tiie backobone; in fronts the brea^tr 
bone; and, round the sides, the ribi^ which run from on^ 4f 
these to ^e other; being of a rounded or boweifonn»;:w}i^ 
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tHiUn^ £ree sfiaoe for tka erpnirion af Um hmgf^wd ia tlie 
eamae of tibe genefal shape and ontlise of the ehesi* It will be 
neo^ssary to say a low words of the siauctoje and mechanMok 
of eaeh of tiieae parts. The tenn back-bone, which we have 
bitherto used wi& a view to being undeKstood by general 
vaaders, is Tedly inoorreet, inasmuch as the part so designated, 
ocmsists of twenty-four distinct boneSy to which the name vetie- 
hrm is giyen. Betwe^i each pair of these a plate of elastic 
eartilage is inserted, and the whoie fltoucture thus built up 
possenes two qualities whii^ no mngle bona could have had; 
it is flexiUe, so aa to aooomodate itself to all the motions of the 
body in twisting, tunung, stooping, &c,; aad it is springy, 
that is, it is CKfMib of yielding a Uttle at eaeh joint and again 
reooyering iteif, so that any jar canaed by leaping from a 
beight on the heels beeomes dirided and dimuiished In its pas- 
sage along the spine, and is tiivs pie¥«ited reaehlag the brain, 
where it mighi do injury. Of these twesLty-fimr Tertebrs, 
seven belong to the neek, and are named cerrioal^ twelve to 
the chest, and horn, being utaated at its hook part^ aw called 
dorsad; the remaining five are in the l<Hna, and tibence termed 
lumbar. To each <^ the twdve dwsal vertebnr oofrespcnds a 
rib which fits on it by means of a rosnd head resting in a 
shallow caxtBaginoiis cup placed on the side of the vertebra, or 
rather between it and the one immediately above it. The rib 
thus is conneeted wkh the spine by a regular joint allowing 
motion, and w^e have the never-filing accooapanixoeDi of such 
a structure, tha-^movsa/m^nbiane secreting joint-«SL Setting 
out, then, from this pointy the rib is curved round the side so 
as to gain the frost of the body ; but beside this curve forward, 
it has fdso an indanation ^wnwaids, the consequence of which 
is, that any force tending to draw it upwards draws it at the 
same time outwards, and so enlarges the capacity of the chest. 
The seven upper ribs passing round are directly connected 
with the breast-bone by means of pieces of cartilage continuing 
Hiem into littie sockets along its sides; whUe the five lower 
liav*e no such connexion, but ran their carti]iG^;es each to the 
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feel in himielf, doping away from the bottom of the brcart- 
bone, roand the Bidea of the belly, towaida the back. Thew 
five ribs are called falae. PerhApa, aa we write for penona 
who may not have an opportonitj of inr»miniiig a skeletoi^ it 
may not be nnneceseaiy to say, that the number of ribs at 



eac4 side is always tlie kxoie,' 'The "W«fl-fcnown popular error. 
of15elieyiiig that a man has one rib more at his right' side than 
His left, has arisen ftovd a hasty misconception of the civcum- 
stances attending the creofidn of woman* It is evident thai 
the assumption is quite gratuitous, for we know that a mab 
Who has had a leg removed, for instance, may afterwards 
have a child bom with ike usual proportion of members; 
most horses have their tails docked^ yet we never saw a foal 
bom in this condition. 

Such are the bony walls of the ehest: in the intervals. 
between the ribs, and conneot^g them together, are placed the 
muscles called intercostal. The contrad^tion of' these will evi- 
dently tend to draw the ribs towards one another, and as the 
first rib is the most fixed, the motion is made in that direction. 
Above, there is no distinct partition between the chest and the 
neck, but it is usual to say, the former bie^ns and the latter 
ends at the first rib. Below, however, the chest is clearly and 
perfectly divided from the abdomen, by the muscular partition 
before aJludied to, and known by the name of midri£P-6r dia- 
phragm*. This singular muscle passes like an arch over the 
contents of the abdomen, descending, however, much further 
behind than before. Its convexity is directed upwards into the 
chest, so thp its contraction tending to draw it downwards 
and more ^ .arly to a plane surface, must evidently ^aige the 
capacity . the chest and dimiid^ that of the abdomen. Any 
person may obtain a good idea of this muscle, by fancying to 
himself a vaulted partition stretching completely across his 
body, attached in front where he can feel tha termination of 
his breast-bone, from that» along the sides, to the margin of 
the ribs, and behind to the spine as low down as the top of the 
loins. From the knowledge he has already obtained, (supposing 
him to have read through our previous chapters,) it will also - 
strike him that this partition must have some opanis^s in it to 
gj^ve passage to parts that mn from the chest to the abdomen^ 

^Diaplm^Sm, a partition between; from ^/ar, between, «ad^^fotffCw^,io 
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CO* tiee vend. And he would be p^fectlj right. The gullet 
TdBB from the mouth along the back part of the chest to the 
Btomach, which is in the abdomen; it thezefore penetrates the 
partition, and a distinct hole is left for its passage. The aorta 
also, canying blood to the abdom«a and lower extremitiefl^ 
must pass throngh this partition, and a second opening is left 
for it : of this opening the thoracic duct takes advantage to pass 
np, conreying the chyle to the vein which is to pour it into the 
heart. But a third aperture is necessary, for the vena cava 
must bring back to the heart the blood which the aorta took 
out* This third aperture accordingly exists: — ^in short, reason 
never evinces a want for which examination does not produce a 
Gorresponding structure ; and this it is, that makes the argument 
taken from the evidences of design so perfect and irresistible. 

The diaphragm, by its contraction, enlarges the chest ; the 
consequence of this is, that a quantity of fr^sh air rushes in 
from without to fill up the space thus left. We must, of course^ 
next examine the passage through which it enters. This is the 
wind-pipe which we can feel distinctly running along the 
centre-line of the neck, and placed in front of the gullet. It is 
a round tube, having at intervals little cartilaginous hoops, the 
object of which is to keep it constantly open. At its summit, 
is placed the lofynx, which we shall describe more particularly 
when speaking of the organs of voice. At present^ we are con- 
ddeiing it merely as the pipe or tube through which air passes 
to the lungs. Arrived at the bottom of the neck it divides into 
two branches, one going to each lung, and, before long, these 
further subdivide, the one going to the right lung into three^ 
beeause the right lung has three lobes; the one going to the 
left into two, because the left lung has but two lobes. The 
cttuse of this difference is supposed to be that the heart, lyings 
at the left side of the chest, occupies the space which at the 
right side is filled by the third lobe« 

After this, the divisions and subdivisions of these ItronMal 
tdb&B, as they are called, become exceedingly numerous, and 
after they hate attained a great degree of finenea^ they teiml* 



BSBPIBXTZOV. 227 

Bate in little TOimded saesy something like bunches of currants 
at the €»d of the stalks. The number of these terminating sacs^ 
or cells, has been computed by Keill at 1,7449000,000 in each 
limg; and Lieberldihn,with equal exaggeration,makes their sur^ 
face equal to 1600 square feet. But without attempting to settle 
tliis point, let us rather consider the structure of these tubes 
and cells. The hoop-like cartilages of which we have spoken 
do not pass quite round the windpipe, but form about two* 
thirds of the circle, their extr^nities being connected by mus- 
cular fibres. By means of these fibres we are enabled to conr 
tract the tube, which is of use in bringing up phlegm, as the lur 
expelled fi!om the lungs by coughing or hemming must pass 
vith more force in proportion as the passage is narrower. 

Their situation, also, is an evidence of foresight:—- they 
are placed behind where the windpipe is in contact with the 
gullet^ and where, therefore, cartilaginous rings would be an 
impediment to swallowing; while these latter occupy the firont 
and cddes of the windpipe, where they support it agunst atmo- 
spiheric pressure, and enable it to resist the tendency to collnpse. 

The cartilsges become less evident as the bronchial tubes 
become smaller, and at last entirely disappear; their place 
being, it is said, occupied altogether by muscular fibres. The 
lining membrane of these tubes is of the same description, and 
furnished in the same manner as the lining membrane of the 
alimentary canal. The skin, turned in, as we have seen, over 
tfaiB lips, alters its qualities, becomes a mucous membrane, fur- 
nished with glands^ and moistened with a constant secretion; 
ii enters the throat, one division passing down the gullet to the 
akomach, while the other lines the windpipe and goes on to the 
lungs. It is this membrane which finally forms the minute 
ak-cells in which these tubes terminate. Around these tubes 
tond the capillaEy branehes of the pulmonary artery, bringing 
black blood firom the right side of the hearty the air taken into 
ftbeeellB readily acts on it through their deUeate membranous 
Adas, the blood is reddened or artmalized, and so passed on % 
ftailaft aanicla:«<-this is the pnhnoiiaty cizcolatioo. 

q2 
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The lun^ ihemselyes sre two- spongy,- lights expaading 
bodies, compoBed of a number of these mLnute<eells!comieeied 
together by eellnlar membrane, and muronnded by tasnifioatiioaft 
of blood-vessels, constantly in close apposition with the sides ol" 
the chest, and only separated from them by the pleura, seiona 
sacs, which by one sur£su;e invest the lungs while, by the other, 
they line the inside of the ribs. From this description, it will 
appear that the air-cells have no direct communication amongst 
themselves, nor with the cellular structure by which they are 
suiTonnded ; their only opening is into the bronchial tubes* 
l^ch a communication may, however, be made unnaturally^ and 
is generally the result of violent straining or exertion, made when 
the air-cells are fiill. Under these circumstances, a rupture otf 
their sides may occur, and the air which they contain will be 
diffused in the cellular membrane pressing on the air-cells in 
the neighbourhood. Now since this air may increase at each 
inspiration, while from its irregular situation it cannot be so 
easily expelled during expiration, we see that the pressure on 
the air-cells may at length be so great, as to shut them up and 
render that part of the lung useless. This is a form of disease 
not very uncommon, and it occasionally results &om long^ 
playing on wind instruments, such as the trumpet, which 
require much ur to be kept in the chest. When it occurs in 
horses it generally results from their being run too hard, and the 
animal is said to be broken- winded. The possibility of such 
rupture taking place should always be carefully kept in mind 
when attempting to resuscitate a person after drownJng; 
Forcing in air too fast, and with too much violence, will inevit* 
ably break up these fine cells and the vessels that surround 
them, and so render revival impossible. 

The lightness of the lung results from the quantity of alt 
contained in its substance, and this is so great, that the lung of 
A person who has once breathed, will not sink in water., in 
the foetus^ however, in which respiration has never taken 
place, the lung is a thick fleshy body, with its little cells eloaed 
up, so that it readily sinks. This, in the case of mquestS'lMld 



CCD dead -infaaie, whose bodies^ bore no mark of . violence^rlias 
enabled the medioal witness to testify wbethei or. not tib.e9>r 
had been still-born. It is neoessory, however, in such casesy tc^ 
ascertain that putrefaction has not set in^ as this, by the. djisen-, 
gBgement of gases, might cause the lung to swim, though, tbie 
child had never breathed. 

> Lei us suppose an empty bladder placed inside a belloiK% 
with its neck fitted tightly around the inner opening of th^ 
pipe. If now we lift the upper side of the bellows, clomng tb^e 
^leriure, which is in the under4eaf, air will rush in through 
the pipe, and fill the bladder. But if we let go^ the upper lid 
-will gradually descend, forcing the air out of the bladder u^ti} 
H 10 empty as it was before. This almost describes the m^ 
chaniam of respiration. The limgs are not a bladder, but a 
eolkctionof many bladders (the air-cells), each oommunicatii^ 
thxough the bronchial tubes with the wind-pipe. The sides ai 
the bellows are the diaphragm, and the ribs with their interr 
costal muscles. When they act, the capacity of the chest ia 
hiooreased, the diaphragm sinkiog down into the abdomen, and 
the interooBtal muscles raising and drawing outwards the ribs 
and breast-bone. To fill this enlarged space air rushes in 
ihrangh the wind-pipe and distends all the littie bladdera: 
thia is inspiration. The muscles then cease to act ; they let 
go, and the elasticity of the lungs coming into play, caused 
them to expel the air that had been taken in ; the diaphragm^ 
following the lungs as they shrink, retires again into iih^ 
cksai ; the ribs fall inwards to their did situation : this is e^r 
piration. The elasticity of the lungs is not, however, tot^ly 
unassisted in expelling the ur ; we must allow somyething fov 
the elasticity of the cartilages, by which the ribs are joined. ta 
tbe brsast^bone, and which, having been unduly thrown up 
Anijiig' isspiiation, will, of course, react and press on the rlung9 
iii expiration. We thus see that there is more active «seirjb^tt 
in^iDSpirBtMn, which depends for its perfosmaaae oiitmuscl9$^ 
irhile edqpiiation, like the closing of the bellows^ :i8^ ui a,gielk| 
ideHsQle^j passive. > '.. .. a .- . i" • -. ,■ ./ 



230 KESFIBATIOX. 

If a part of the walls of the chest be cut away, so as to 
leaye the lungs exposed to a certain extent, retqdration can no 
longer go on at that cdde ; for now the air admitted to press on 
the surface of the lung, counterbalances that which endeavouis 
to find its way through the wind-pipe, and dilate the lung, 
therefore these powers being equal, the elasticity of the lung 
remains without any anti^nist, and therefore causes the lung 
to collapse and shrink against the back of the chesL This 
oollapee is more complete, if the lung be opened during life, 
than after death, whence some haye conceired that, in the 
£)nner case, the elasticity must be assisted by certain veiy 
minute muscular fibies, which they suppose to surround the 
air-cells. This opinion was maintained at some lei^h by Dr. 
Willis, in opposition to Etmuller, and he .even went so &r as 
to say that their existence was demonstrable by the aawstance 
of a microscope. His eyes, however, must have been shaiper, 
or his glasses better, than those of the present generstiMi. 
ReiBBeisen, who haa^ in our days, supported this opinion in a 
most admirable essay on the structure of the lungs, endeayouis 
to make it good, rsrtiher by argument than an appeal to the 
senses ; and he principally sapp<»ts himself by the fiict we 
hare mentioned, of the more eyident collapse durii^ life, and 
by Yamiei^s expeiiments, in which a notable eontrBctnii 
oocuned on the injection of stimulating fluids. These we 
caanot consider satisfectoiy pioofs : the muscles of the bn»- 
diial tubes would otmtract when initated and draw down the 
lui^ with them, and, as to the different exUsxt of coQapee be* 
fore and after death, eyen ^Charles Bell, the great adyocate 
of muscular fibres, wheneyer they can be ^ seen, fdt, or unde»* 
stood," admits this difierence between living and dead elasti- 
city, that in the formear the resistance is perfect, while ia the 
latter it is incomplete ; and he hi^pily ^onplifies his o^aioA 
by referring to the living elastic ligament in the neck of a hofse^ 
which, however often strained, always lesomes its original 
dimensions, and, on the other hand, to the dead elastic stdng 
of a harp, which, on being stretched, yields, and vequirea to be 



ItE6PIIU.TX0N. 



^1 





I> 


c 


"^r*^ 


^.^ 


^cfl^ 




r^'Jb^ 


I 


)^^N 




i%\ 


\ 


1_ \_ 








V j 








^ 





screwed up afiresh to bring it to its proper tone. The amount 
of this elasticity, or the force by which the lungs themselyes 
aaeast in expiration, and antagonize the efforts of the diaphragm, 
bas been investigated by Dr. Carson, with his usual ingenuity, 
in a paper read before the Royal Society in 1820, and to be 
found in their Transactions for that year. His apparatus was 
extremely simple. 

An oblong glass globe, 
containing nearly two 
quarts, had tubular openings 
at each end a and b. A 
glass tube, nearly three feet 
in length, and bent at one 
Old, was joined by the blow- 
pipe to the opening at b, 
and is represented by bc. 
To the other opening at a, a 
shorter tube was joined in 
the same manner, and in the 

fimn AD. A firee passage was established from n to c, where 
the tubes were both open. To d a piece of the dried gut of 
iCMue animal was bound, of a few inches in length. The other 
end of the gut was fixed to a cylindrical tube of bone, metal, 
or wood, also of a few inches in length, and of a diameter cov- 
zeeponding with the diameter of the wind-pipe of the animal 
^rhich was to be the subject of the experiment. The wind* 
pipe of an animal, which had been recently killed, was divided 
across near the throat, the cylindrical tube of bone was inserted, 
and tied so tightly, that no air could pass between the external 
snrfiM^ of the tube and the internal suifiMse of the wind-pipe. 
An open and secure passage was thus established between the 
glass apparatus and the wind-pipe, and, of course, the lungs of 
the animal. Water was then poured into the apparatus at c^ 
util it stood in the upright tube c b, at a certain hdght above 
the level of the water in the glass globe. The apparatus was 
now prepared for use. Some of his earlier experiments fidled. 



ff^eix in a<»weque«ce of th^. Jungp hi^mg rou^de^j or the.^obe 
400 small, Of the tube not sufUQieptly bigb, p^;i:ticularly wbei^ 
fin/e larger animals were esiammed. Havli^ .taken, much c^ 
io obviate all these accidents^ be at length sueceeded fully in 
the fdOiowing experiment. On the Slst of October, 1817> the 
apparatus was applied to the trachea of a dog, which had been 
hanged on the preceding day. Water was poured in until 
It stood in the upright tube, at the height of six inches 
above its level in the globe. By incisions made at both 
sides air was cautiously admitted to the surfsuse of the lungs. 
The water ascended instantly about an inch in the upright 
tube, and the lungs were found to have receded from the open- 
ings. Now the atmospheric pressure on the surface of th^ 
lungs exactly counterbalanced that on the surface of the water 
in the tube b c. These powers may, therefore, be taken away^ 
and there will remain the weight of the column of water in 
B c, above the level of the water in a b, tending to press the 
air in the upper part of a b into the lungs, and, on the other 
hand, the elasticity of the lungs tending to drive back the air 
which they contain into ab, depress the water in it, and con- 
sequently raise that in b c. This, as we have seen, occurred in 
ihe present experiment. The conclusion, therefore, was that 
the elasticity of the lungs of a dog was able to overcome the 
pressure of a column of water, six inches in height. Water 
was now added, until its level in the tube above that in the 
globe stood at the height of ten inches. This degree of pres? 
sure seemed equal to the elasticity; the water in the tube con- 
tinued steadily at the same height, and the lungs continued 
fiilly dilated. ^^The appearance which the lungs exhibited 
in this situation was novel and interesting, and was, no doubt^ 
the same which they would have exhibited in the living body^ 
had it been possible to bring them into view. Their surface 
^as smootJi and polished, and their edges rounded, without 
any of those corrugations and sharp angles which they usually 
exhibit. Their colour was red, and life-like. They felt ^in\ 
to the touch. The heart appeared like a bird nearly cover;^ 
by its nest." 
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' Froih this^' diid' a ntdiotber of siiuilar ^^tpettmenxU,' 0n 
Carson has shown that in c^ves, sheep^ and in langedogi^ tli« 
elasticity of the lungs was balantied by a column of "w^tei^ 
Taiying in height from one foot to a foot and a half; and lA 
rabbits and cats by a column of water, Tarying in height from 
six to ten inches. From a defect in the apparatus, the extent 
of the power in question could not be ascertained in the lungs 
of oxen and animals of their size, but it was proved to exceed, 
considerably, the force necessary to support a column of water 
a foot and a half in height above its level. 

In all this, it will be observed, there is nothing said of 
muscular fibres, elasticity appearing quite sufficient for eveiyi- 
thing that is to be done. It is a good general rule in phy^ 
siology, to believe what your senses prove to you; and as no 
one has ever seen these fibres, so neither do we see the neces^ 
sity for them: we must, therefore, allow their existence to 
remain (as fiur as we are concerned) in doubt. 

The general shape of the lungs in man, and the other 
mammalia, is adapted to that of the cavity which contains 
them. It may, therefore, be described as conical, the smaller 
extremity situated towards the neck, the base lai^e and con- 
jcave, to adapt itself to the diaphragm, while the intermediate 
surface is fall and rounded, to fill the hollow space comprised 
-within the ribs. In birds, however, it is far otherwise. The 
lungs are small, oblong, fleshy bodies, situated close up against 
the spine, where it is quite immoveable. Such bodies, it is 
evident, would never answer for the abundant respiration le* 
quired by animals so rapid, impetuous, and incessant in 
motion. They are, therefore, connected with large thin sacs 
made of a very fine transparent membrane, which pene* 
trating, not only into the chest and abdomen, but beneath 
the skin into the cavities of the bones, and even into the 
tubes of the feathers, at once serve to render the animal 
Bght and buoyant, and afford most extensive surfaces upon 
which the blood may be exposed to the influ^ce of the 
din "It i^ evident that a diaphragm could not have the saane 
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efF«ct in filling these cells with air, as it exercises oyer the 
lungs of mammalia* The consequence is, that as it could not 
be of use, it does not exist. Perhaps it will be more proper 
to sa J that a thin membranous partition, occupying its place, 
is to be found over the lungs of birds, but in genered it has so 
few muscular fibres, that it can scarcely be considered as 
having any power of contraction, or exercising any influence 
over respiration. In the ostrich, however, and the cassowary, 
birds that never fly, these fibres become distinct musdes, 
attached along the ribs, and ascending towards the lungs, the 
inferior sur&ce of which they border by a large firm membrane, 
in which they terminate, and which forms a continuouB 
vaulted connexion, approaching so nearly the nature and ap- 
pearance of a diaphragm, as to form an evident link betweesn 
the respiratory systems of aerial and terrestrial creatures. This 
&et, for wb^h we a» prindpaUy iadebted to the i«aeaxd>« 
of the old Parisian dissectors, is exactly what sound reasoning 
would have led us to conclude respecting animals, which by 
structure belong to one of these classes, while by habit they 
are more allied to the other. Birds being thus deprived of the 
diaphragm, at least as an efficient organ of inspiration, we 
must consider how its place is supplied. And in examining 
the bony walls of the chest of birds, we perceive that the 
separate vertebrs of the spine, which in our backs are so 
pUaut and flexible, readily yielding to every motion, no longer 
letain this property, but are bound together by firm latCTl 
l^iaments, so as to be perfectly stifle and immoveable; some- 
times even the spinous processes growing completely together 
in the fi)rm of a lidge, so as to convert the vertebrs into a 
single bone. Now, as muscles are only given for motion, they 
would be of no use here, and every one knows how completely 
bare c^fleth is the back of a bird. The reason of this ii^exi* 
bilxty is next to be sought, and it readily occurs, that as mo- 
tion, to be efiectoal, must be made firom a resisting point, and 
as the motiwis <tf the wings in flight are extremely poweifialy 
it was neoessaKy that the spine which is placed between tfaem 



edurald iKiBseea this qnality. Were any confirmation of iiSa 
idea Kqninte, it is to bn foimd in sach hirda as do not fly, in 
yrhma the spiae sHll continues moveable. 




The right irlng las t«ii cut Hray, In otdo thsC tlw i 



Equally lemarkable dianges are to ba fomid in tha riba, 
which the ptecedii^ dcetcfa will assst xta in nndxTBtanding 
store deaily. We have sliMtdy mentioned that the tU» in 
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our cbjest do not pass completely xt^umi frpm i^e iqp^ .lo th^ 
bjreast-bone, but are connected in front with the latter .by 
means of elastic slips of cartilage, and we have had occasioA .to 
remark some of the advantages derived from this elasticity* 
But did the same provision exist in the eagle, which deaves its 
way through the air with such rapidity as to disappear &om 
our view, in a clear atmosphere, in less than three minutes, or 
darts from the difp with the rapidity of lightning to seize it9 
prey that our eye can scarce distinguish beneath ; would there 
not he an evident danger that the air removed with such im- 
mense velocity would exert such a force as to press in the 
breast-bone, and the yielding cartilages on which it rested^ and 
so impede or interrupt the function of respiration? Ta guard 
against the possibility of this, the cartilages are taken away* 
and their place supplied by solid bone. These bones, a, pro- 
ceeding from the sternum, go to meet the ribs, b, arising from 
the spine, but not directly ; they meet, as may be observed, 
at an angle, and at this angle is formed a joint. The open- 
lags of these angles all look towards the head. Between 
the bones pass, as in us, the intercostal muscles, and as their 
fixed point is above where the fardform bone (commonly 
known as the men'ythought) and the large processes from the 
blade-bones run to join the breast-bone, j, it is evident the 
action of these muscles will be to draw the ribs forward. This 
will necessarily enlarge the angle at their joinings, in conse- 
quence of which their extremities must become more apart ; 
therefore the interval between the breast-bone and spine . will 
be increased, which, as the latter is immoveable, can only be 
done by thrusting down the former to the line indicated. But 
the breast-bone lies just around those large air-sacs which we 
have described as situated in the chest and abdomen, therefore, 
when it is depressed, pressure is taken ofiF these, room is given, 
and fresh air must rush in to fill it. In doing this it passes 
through the lungs, which are the only channel of communica- 

tipn between the wind-pipe and these cells. * .) 

Sueh' is th'e mechanism of inspiration in birds. Eaepiiation 



it)' iglffl Ibt^ dinj^' p«rfbAned, depending chiefly on- tUe 
lUtistles' of the belly, which being attached to the lower ex- 
toMity of the breast-bone draw it up again towards the verte- 
bial colnmn, the 'intercostal maseles, at the same time, ceasing 
to act. Some slight as^stance may also be derived from the 
elasticity of the Inngs. The view given by the French dis- 
sectors, thongh now a centnry old, is one of the most accurate 
we have of these peculiarities of the respiratory tystem of 
birds. 

John Hnuter was of opinion that the principal nae of the 
aip-cells was to serve as reservoirs of air, in order that there 
ahonld be the less frequent necessity ibr respiration during 
rapid flight, when it nught well be supposed to be accompanied 
Tvith' some difficulty. He also thought it might be the means 
of pecmitlang such vast continuance of song as birds can pour 



I ' LosBiaDdAli-CsUsorOalrkh. 

I, Uu "wlpd-^pA ; «ff thaflflihyluDgiB; 1, V, 3, tha l&r^ Bir-cellB, into* 
t., DH f^puBAfi thnugh tbahol«,f7^^,- a, tbiabeait; b, thaitomut 
c, the iatcotlzus^ all^ncloied io, or Burroiuidod bf, oir-cfilU. 
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out without an interral fc« breathing. The flame sfcructuit is 
to be found in reptiles, and in thcan certainly zespiratioa is 
very rare and un&equent. The idea also of its giving lig^ 
nea^ in consequence of the air in these eells being rarefied by 
the heat of the body, has been suggested. The awimmiii^ 
bladder of the fish is much more obylously for this purpose. 

It would appear that birds have the power, by dosing the 
glottis, of forcing air into those cells, and swelling out the parts 
in which they lie. This is more evident when the cells aie 
placed immediately under the skin, and is geneislly a maik of 
passion, as appears clearly in the tuikqr-oock, the pootiiig 
pigeon, &c. It is extremely visible in the breast of a gome 
when she cackles. To show the universal communicaticHL of 
these cells, John Hunter succeeded in making l«rdfi breathe 
through an opening in the thigh-bone, the shoulder-bone^ and 
the cells of the belly, after he had completely tied up the 
wind-pipe. These singular experiments will be found recorded 
in vol. Lxiv. of the Philoacphkal Tnmsaciions, 

Birds, we thus see, breathe prindpally by the assistance of 
their ribs; beasts by the diaj^iragm; but when we descend 
still further, and oome to examine certain reptiles, of the frog 
and tortoise kind, we find that they have neither diaphragm 
nor ribs, or have the latter so short or so fixmly fixed as to be 
of no use in enlarging the cavity of the chest: how then do thej 
breathe % They smSono air. 

A frog, when it wishes to make an inspiration, fixst shuts 
its mouth. It then, by the action of the muscles of its throat, 
causes a vacuum in this part, to fill which air immediately 
enters through the nostrils. Having gotten the air thus &r, 
holding its mouth still closed, it proceeds to prevent its retom 
through the nostrils by means of a valve, as Guvier says, or, as 
this valve has never been clearly made out, by the back of its 
tongue, as Cloquet suggests. At the same time it oontnute 
the musdes around the passage of the stomach, 'and theft 
presses on the air, whidh is necessarily dimn dolrai- toilihB 
lungs thnmg^ the wiad-p^, the only coozse nannrtepeB i»il»^ 
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These hings are composed of a number of large auvcells, and 
nm down into the belly of the animal, by the muscles of which 
they can be completely emptied of air. It has been said this 
power is of nse to frogs when they dive, as it enables them to 
dimiTiish their bulk, and increase their specific gravity. The 
action of the abdominal muscles on the Inngs is at once eyi- 
dent, when we open a living frog, by removing these muscles^ 
ioT then the miMwlls swell np, and remain permanently 
dilated, the animal having no longer the power to empty them. 
This also shows that the elasticity of the lungs in frogs is. very 
weak. From the mode of inspiration above described, it is 
evident that, to smother a frog, nothing more is necessary than 
to keep its mouth constantly open. 

in the other orders <^ reptiles, the lizard and serpent kind^ 
lespiraiion approaches more to that of bird£^ being chiefly 
performed by the ribs and muscles of the belly. In lizards 
particularly, the ribs are composed of two parts, united at an 
angle, exactly as occurs in birds, and it is by the opening of 
this angle that the chest is enlarged. Of this order is tho 
chanueleon, the lungs of which are so extenave, that when 
they are filled, the body of the animal appears transparent. It 
was from this that the ancients fi^bled this animal to live on 
air : we now know that it is an expert insect-catcher, and has 
a tongue admirably adapted for the purpose. Its faculty of 
changing colour seems also connected with this organization, 
and we can readily conceive the variety of shades according as 
the animal is more or less inflated, sends its blood in greater or 
less quantity to the sur£Eice, or has that blood more or less 
perfectly coloured. For respiration in these animals is by no 
means so necessary, or so equally performed, as in birds and 
fjUHwinftlia. They appear to have it more under the control of 
the will; they can abstain from it for a condderable time, 
which, however, seems to be influenced by external circuxni* 
stances, such as temperature. The most r^narkable instance 
of Idiia is the torpidity, or hybemaHon as it is called, of these 
aauBfdfl duKBg the cold season of winter^ when they may be 



seen to lie for an hour together, iKtiiMit roAiuf; m sngie 
Inspiration, their heart, meanwhile, searoely beating, iheir 
senses all buried in deep sleep, and their state difiMiig h«t 
little from death. No sooner, however, does spring with its 
genial warmth return, than they acknowledge' its Tivifjrui^ 
influence, and emerge from their holes and caTenns till Bgaam 
warned to return by the chill autumnal blast. 

Another remarkable &ct connected with this chss of ani«> 
mals is, that some of them undergo metamorpkoteSy represent- 
ing, at the commencement of their lives, animals inferior to 
themselves in the scale, and appearing only to arrive by de- 
grees at their full and proper developement. Thus a frog, ia 
its tadpole state, is an aquatic animal — a fish ; and like fiiAeSy 
it has a tail and breathes by giUs, This species of respiration 
we shall explain below. After, however, passing some time in 
this state, its tail disappears, its gills are absorbed, lungs are 
developed, limbs spring from its formerly smooth body, it 
leaves the water and comes on land, it is no longer aquatic but 
terrestrial, no longer a fish but a reptile. During these traiia- 
formations, corresponding changes are going on within, and it 
is a beautiful instance of prospective design, to observe how 
the little branches, apparently useless, that spring from the 
trunks going to the giUs, gradually enlarging, draw o£F the 
blood more and more from the circumference towards the 
centre, till at last, when the gills have finally disappeared, all 
the blood which used to go to them is found to have passed 
into these new channels, which imited together, constitute the 
great aorta, or trunk, for the nourishment of the whole body. 
The influence of external circumstances in. retarding or aooe- 
lerating this change is extremely curious. By a wdl-condwoted- 
set of experiments, M. Edwards showed that it was haatemd' 
by nourishment, heat, light, and the free access of atmosphenor 
ur ; on the contrary^ it was delayed by cold, as tadpoles, hatK 
late in summer, are not transformed until next sumaMr «r 
spring ; also, tadpoles placed in a box, to which the "water 
free access, and sunk some feet in the SeinCi ii6?w 



hog^ bat grew inlc^^iigUKtio tadpoles ; whik oihersy taken sfe 
the flame tine, and placed in vessels supj^ed daily with the ^ 
flame waier^rhad^undei^ne their proper changes. The onlj 
ivantSy in the former case, were light and atmospheric air, the 
derivation of whieh was, therefore, concluded to have pro- 
diftoed 9neh efiteets. Now the proteus, an animal of the frog 
kind, presents the strange anomaly of having both lungs and 
gilki ; the £Nrmer, however, so imperfectly developed, that it is 
obliged to continue an aquatic animal all its life. It inhabits 
the subterraneous waterii of Camiola, and to this situation, 
where it must be scantily supplied with light and air, have 
many naturaUsts attributed its organization, which they look 
on to be the result of an imperfect metamorphosis, something 
aifcer the manner of M. Edwards' tadpoles. Still more singular 
k the &ci lately mentioned, that several poor wretches having 
sought an asylum in the dark and close vaults beneath the 
fortifications of Lisle, and having continued to reside there for 
some time, the number of deformed and defective children 
bom to them, had become out of all proportion great. The 
attention of the Board of Public Health was drawn to it, and 
ila order issued for the closing these receptacles, and for the 
fniure, preventing their being used as habitations. 

In the two first classes of animals, all the blood that is sent 
to idl parts of the body has previously been submitted to the 
aeti<m of air ; and for this purpose, as we have before shown, 
ihsy are provided with a double heart, the one side charged 
vritii sen^ng the blood through the lungs, the other with disr- 
trihuting the blood thus purified to the body. But in reptiles 
tius IB not the case. The aerated blood certainly enters a se- 
•^aittbe aimcle from the blood which returns from the body, 
Utti both these 'auricles dischatge themselves into a common 
-vMKtiiele, 80 that the two bloods are here mixed, and sent out 
iirithds state to the body. Now the degree of admixture is by 
the same through the whole class, which causes 
gaeater difierence between animals beloutgiog to thi;» clasa. 
fMciir between anim^ds belonging to thechss Marema- 



ik. The degree of mixture ^swill evidently be meaEmied hy the 
«ize t>f the artery going to the lungs as oompttxed wilii the 
cooaxmon tnmk. In ftogs this is extremdiy small ; it is lazger 
TCSpectiyely, in tortoises and lizntds, which thc^fore riseabo^ye 
it in the animal scale, l^e labours of M. G«offi!oy St. fiilsfiw 
liaTe demonstrated that the crocodiky which laxAs at the i»p 
t)f this class, fmd approaches nearest the Mammalia^ has aoto* 
ally a double heart, with its yentrides perfect and distinctk 
Ko mixture, therefore, can take plaoe heie, but it is aoooBEi- 
plished by means of a vessel which arises from the right ven- 
tricle close to the arteiy of the lungs, and bending over, unites 
itself with the great vessel from th« 1^ ventride, so that tlie 
body is still supplied with a mixed stream. It is weU worthy 
of observation, that before this union takes place, two vessels 
are sent off to supply the head and neok, so these parts ai«ne 
receive pure arterial blood ; to the rest of the body it s sent 
mixed. 

In the attempts to trace an unbrokeai chain amtoo^t mnor 
mated beii^s, the crocodile clearly formed the link by which 
mammalia descend to reptiles. The protons also afforded a 
sufficiently natural step from reptiles to fishes. In tlus diasB^ 
lungs no longer exist ; for, as they are destmed to inhaHt the 
great deep, they must be for a considerable part of their lives 
so circimistanced, as to render it impossible they should breathe 
by inspiration and expiration. As, however, it is necessazj 
that their blood should be brought in contact with oxygen in 
a loose state of combination, atmospheric air is held, as it wcM^ 
dissolved in the water in considerable quantities. Thecoa- 
stant agitation from currents, tides, or storms, is amox^gst the 
means by which this mixture is effected ; and thus we observe 
ia reciprocal action between these two great mediae in which 
animus live,-^the air, agitating the water, is probably one ti 
the means by which it is saved fr^m growing ooirupted, white 
^e water, absorbing the ur, is by it rendered fit Ibr the hdkl- 
tation of aquatic animals. Well might the inspired writer 
say, " All things woi^ together for good." 
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Xt wcrald evidently be iiic(myeiiieiit^ tliat a ootDstant eorPBD^ 
of water sbould he passing in and out of the body ; and to 
aannd the neoesdty f«r this^ the gills^ which in fishes pexform 
tlie part ef Im^gSy are placed externally. They may be de- 
scriJbed aa ooiuistiBg, in the bony fishesy such as ood, aahnoa, 
&EL9 of jEoHT asched booaes^ placed in. anooeasion dose befakid the 
anowth of the animal on each stde, and ooFered by a £d called 
operculum. On these arched bones oar fanmdiual lifas, as thej 
axe fialkd, from their appeacaace and offiee% «re sptead out 
msrmL fine iaminiPy or thin membasnous Iblds^ in ivhidi the 
McUaj bziaging the blood from the hearty spreads itself vat 
ioto rery nmnecous and beautiful zaDdfieations of extxeme 
aumtteneaa. Situated on iiie neck, they comaauBicate by their 
liaae with the mouth, of which, in iaae^ they xu^ be aaid io 
Joom the posterior and lateral boimdary. The opercaolum is 
jBOTeable at pleasure by musdes which are -attached to it. 
When, therefore, a fish widies to respiie, ct takes a monthfid 
cf water, and passmg it to the bade of its month, sufos it to 
vemain there a moDQient in contact with its giUs, through . 
'Viiiidi, at the aaane time, the blood is &edy pas6ixig« When 
tbe water, or rafter the air wMeh it oontaina, has acted pra*- 
fttdy on the blood, an action which, as we hay« before 
exphuned, is not preyented by the veiy fine moist membiaae 
which divides them, the fish lifts its operculum and caoaes tibie 
uster to be discharged backwards. The blood being thoB 
a&Ated is again collected £rom yery fine bisndhes into trunk% 
lyhach mnmng from each of the branchid ribs, finally unite 
and fi>rm the aorta for conyeying the blood to the whole body. 
'Eroin. this, the blood is returned by the yeias to a fimpla 
anride, thence it passes into a single yentriole, which in turn 
dnves it into the hran^Mal artery, and so bade to the gills 
s^ain. The circulation, we thus see, is quite simple. From. 
what we haye said of the mode xd respimtion,. it is clear that a 
tsont, before it attempts to breathe, must turn its head «p 

* Because tiiey siqpport fhe ^oncikHe or gfliB pn^por. 
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against the stream. Were it to attempt this operation faQing 
down the stream, it would in vain try to let out the water 
from its gills, for as soon as it had lifted its operculum^ the 
current would pour in water from hehind, in place of suffering 
it to discharge what was there. It therefore hecomes part of 
the angler's art, to keep the head of the trout he has hooked 
.'down the stream, in which situadon it cannot attempt to 
breathe, and is therefore the sooner exhausted. 

There : is found in many fii^bes a bladder filled with air, 
and placed in the upper part of the abdomen close against the 
spine, which has therefore been conceived to be in some manner 
subservient to the function of respiration. It seems^ however, 
•Biiore probable^ that it is rather destined to assist the ankaal's 
motioDs; and this idea is strengthened by the &ct of the 
swimmiilg-bladder being most considerable in such fishes as 
move with great velocity. It is wanting in flat-fish, wher^ 
however, the large lateral fins supply its place; also .in the 
lamprey, which, in consequence, moves but slowly along iht 
bottom of the water. Its situation in the upper part of th^ 
bad^ is exactly on the same principle that a bird's musclea are 
placed on the breast^ to prevent the animal overturning, as U 
would do, were a heavier part above. The air contained ia 
this bladder is generally . foimd rich in nitrogen ; in sea-fid^ 
Blumenbach says it contains carbonic acid. It is, in both 
cases, secreted, and there is generally a vascular and glaa« 
,dular body situated in the cavity, which is probably th« 
secreting oigan. The bladder sometimes communicates witb 
ihe stomach, sometimes with the gullet, but is, also, at tiinei^ 
quite dosed and isolated. . , 

In the aquatic moUusca, as the oyster; and the crustufofo^ 
aach as the crab, lobster, &c., respiration takes place by gilla. 
In terrestrial moUuscay the snail, there is a cavity, the sides ,af 
which are a thin moist membrane, upon which the veiselB 
ramify; and in this manner their blood is exposed to t]ie;aiiv 
Jnsects have their bodies penetrated in all di^ectipDp..l^ 
traoheoBf, or air^tubes, which convey air into the most j^t^iinuil 



parte. The two principal tubes lie one on each side, rtuming 
the whole length of the body, and are supplied from small 
external openings, termed stigmata, nine in nomber, which 
may readily he seen, as figured on the sides of the rammon 
caterpillar. 



Still lower in the zoophytes, or radiated animals, (Jmoet 
all disUnction of organs seems lost. They breathe as well aa 
digest by the common integnment, which outside is a skin 
and inude a stomach. 

We have thus run through the scale of animals, very imper- 
fiwtly, we admit, and observed Tarions mechanisms and con- 
trivances^ by which the blood is brought under the action of 
atmoepfaeric air. We are now to consider the results of this 
approKimation; in other words, the changes that it prodncea 
in the fax and the blood. And firat, as being the easiest inves- 
tigsted, of the ear. 

The quantity of air taken in at each inspiration, as abo 
tfce total quantity which the lungs can contain, have beea 
stated in snch various manners, as to show there is little cer- 
tainty yet arrived at. The former has been estimated at all 
intermediate nnmbers from ten to twelve np to fifty cubic 
inches; on the latter, opinions and experiments have been 
equally discordant. Without attempting, then, the hopeless 
tadc of reconciling or accounting for these difierences, we 
bhdl, with Dr. Bostock, adopt that fcrunded on the very intel- 
l^ble experiments of Menzies. He breathed into a bladder, 
'Of w^h he had previously ascertdned the capacity, until it 
«tts filled, and fonnd that aach expiration was somewhat more 
bhfin fMy cubic inches: he coniirmed this result, by attaching 
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hh tube to a second bladder filled 'vnth. air, £rom which he 
XBspiredy and found, in like manner, that the amoimt of each 
inspiration corresponded nearly with his preyions estimate of a 
angle expiration. He then immersed a man over his chest in 
a vessel of warm water, and measuring the rise and fall of the 
water, had the satisfaction to find that it corresponded with 
his former experiments, and those of Jnrin, affording for each 
natural inspiraticm an ayerage bulk of forty inches. As we 
can, after a natural expiration, force out a farther quantity of 
air by Yoluntary exertion, this was next measured, and calcu- 
lated at about 170 cubic inches; but still the lungs are far &om 
empty, for they can never fully collapse, unless the sides of the 
chest were opened, and the weight of the atmosphere allowed 
to act on their surface. By this means about 120 cubic inches 
more might be obtmned. The whole contents of the lungs m 
a tranquil state will, therefore, amount to 290 cubic inches;, to 
which forty being added at each inspiration, wiQ give 330 cubic 
inches as their contents in a moderate state of distension. The 
forty inches changed at each inspiration wifl, therefore, be 
about one-eighth of the air contained in the lungs, which, 
therefore, affcer eight respirations, would be entirely renewed* 
But about twenty respirations are made in a minute, so that in 
that time there passes through the lungs a volume of air equal 
to two and three quarters, or neariy three times their fiill con- 
tents. The quantity of air thei\ consumed by an individual in 
twenty-four hours will amoimt to 1,162,000 cubic inches^ or 
606 cubic feet; a fact of the utmost importance to remember 
in building and furnishing with beds, hoi^itals, barracks^ 
prisons, or other places, where many human beings are to 
assemble together. For the air which has once been respired 
is not again fit for that process, until it has been purified in the 
great laboratory of nature. 

And the reason of this is, that a change has taken place in 
its composition; and if examined, after being once inspired, it 
will be found to contain more carbonic acid and less oxygen 
than before, the nitrogen remaining nearly, though not alto* 



geiber, in its oiiguial qnantitj. Thiis, of the forty cnKio 
inches of air we take in, about thirty-one or thirty-two are 
nitrogen, and nine or eight oxygen. The qnantily of carbonio 
add is scarcely noticeable. But of the forty cabic inches that 
-we expire, not more than six will be oxygen, the place of 
those which haye disappeared being occupied by an equal 
quantity of carbonic add, which now would, therefore, amount 
to two or three cubic inches. The air is thus rendered im« 
proper for respiration in two ways ; by the remoyal of what 
was useful, oxygen; and the addition of what was deleterious^ 
carbonic acid. Now, were this same air breathed over again, it 
is evident it would become still more deteriorated, and so on 
of a third and fourth respiration, till it became quite unfit to 
sustain life. This is what occurs in a diving-bell, when any 
acddent happens to the tubes, by which a fresh supply of air 
is sent down. The people are found suffocated below, in con- 
sequence of having nothing to breathe but the air which they 
themselves had rendered impure; drowning is never the danger 
to be apprehended, as long as the sides of the vessel are of 
sufficient strength*. 

Whether the quantity of carbcmie acid produced, exactly 
equalled that of oxygen consumed, was long a debated question, 
fixperimaoits, made apparently with the greatest accuracy, 
gave opposite results; and while M. Lavoisier, Seguin, and Sir 
Humphry Davy maintained that more oxygen was consumed 
than carbonic acid formed, the surplus being, as they sup- 
posed, absorbed into the system, or used in making watery 
vapour, Messrs. Allen and Pepys, Mr. Ellis, Magendie, and 
other chemists and physiologists believed that the quantities of 
each exactly corresponded. It was reserved for Mw Edwards 
to reconcile this apparent discrepancy, which he did most 
satisfiictorily, by showing that the proporticMis varied accord- 
ing to the species of animal experimented on, the season of the 

[* Dr. Uie sajB that aa average-sized man exhales 1632 cuhio inehee of 
csThonic acid gas per hour; and, that 800 cuhio inches of the same gas is 
generated hy the combustion of a single wax candle during the same pariod.] 
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ywTi iame.JoS dby, fltnd < otheor exAenudl ciDOiiinsiatlodSytiwMch 
imd 'been • neglected a» nonresBential . . {Attaoiding to these jiaai^ 
tew, he was able to. show that considerable fluctuatioils tooh 
place in the quantity of oxygen ccnaumed, there beuig at timts 
4r7en one-<tiiird more than ^e volume of carbonic acid formed^ 

■ 

while at other times the surplus was scarcely observable. 

Dififerenoes Jiave also existed as to the use of the nitrogen^ 
which occurs so abundantly in atmoi^heiic air. Foarmerly it 
was considered merely as a harmless means of diluting th^ 
0xygen, which, if pure^ would be too stimulating to be los^ 
xefl|>ired. It is now, however, allowed to have not only this 
negative, but a direct positive use, as M. Edwards has showm 
it to.be absorbed into the circulaticm, and again exhaled &Dm it. 
The relative proportions in which it is absorbed and exhaled 
vary with the seasons, in consequence of which respiration .is 
found to increase the quantity of nitrogen during spring and 
summer, but to diminish it in autumn and winter. 

But air which has undergone the process of respiration, U 
also found to contain a certain quantity of watery vapour, the 
existence of which is rendered particularly evident in: £rosl|r 
weather, when the external cold condenses this moisture, 40 i^ 
to make it visible. A considerable portion of this . wa|£pr 
comes, not from the lungs, but from the mouth, top of the 
throat, &c. ; for Magendie observes, that in an individual whf 
had an opening in the upper part of the wind-pipe, the w 
which was expired through this opening, contained scarcely 
any vapour. By the older physiologists, however, it was. all 
ccmsidered as coming from the lungs, and connecting this with 
the fsuot above mentioned, that in general more oxygen is conr 
sumed than carbonic acid produced, they framed a very.ii^T 
genious theory how. that the blood in the lungs got rid (xf two 
pxincipleSy carbon and hydrogen, which meeting with t]if 
oxygen of the atmospheric air, immediately formed two. new 
compounds, the carbon forming carbonic acid, and the hydxoj 
gen forming water, which consequently were to be fowid <pi 
the air after expiration* > j 
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But befbiei'pvoceediiig' ta consider this thecxry, ire juiast 
tfpeak of the ohangies i^hich the blood does undexgo in passing 
tlnongh ihe'lnngs. These, though they have attracted modi 
ttttention, and caused much dispute, are, we regret to say, but 
impei^tly known. If we open an animal alive, we perceive 
the blood, at the right »de of the heart, of a dark^red coloui^ 
while that at the left is a bright scarlet. The former is the 
Venous blood, just returned from the body, and mixed with 
^yle ; the latter is the arterial blood, preparing to set out 
i^gain on its course. But in passing from the right to the left 
side of the heart, the blood has merely gone through the lungs. 
It is, therefore, in them that the change has occurred. I^ 
however, we now prevent the entrance of air into .the lungs^ 
the change no longer takes place ; the blood pours into the left 
side ad dark as it was in the right, and soon ceases to move. 
Uhe same alteration of colour can be produced out of the body, 
by exposing the blood to atmospheric air, whence we conclude 
that it depends on this as its cause ; and as oxygen produces 
the change in a still higher degree, and no other gas will pro* 
d^ce it at all, the inference seems &ir that the oxygen of the 
dtmosphere is the cause of the scarlet colour of arterial blood. 
Dr. Stevens's experiments would seem to show that the pre- 
fl^ceof some saline matter was necessary to enable the oxygen 
to act; he has, however, totally failed in proving that the 
ftoline matter is, of itself, capable of producing the change of 
colour, and subsequent experiments by Dr. William Gregory 
have fUly disproved the possibility of such an occurrence. 
. • The other differences are stated to be, that more fibrin 
oeeurs in arterial blood, which, therefore, coagulates more 
quickly than venous. The latter is richer in carbon ; but this 
i^ lather inferred from its giving off carbon or carbonic acid in 
the Itings, than from actual analysis. In like manner it is said 
to contain more water, — more albumen, to have a greater spe^ 
cafic gravity, a less capacity for caloric, and less actual heat, as 
fihown by the thermometer. 

It will at once appear, tliat these few and unimportant 
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difcDeiioes are totally inadequate to aceount ^ the lemarkable 
larietyy in -phyaoLo^eal chaiacter, that these two fluids pvd- 
snt* Nor does a little more or a little less carbon, a shade ia 
colour, a degree in temperature, a trifle in weight, assist us in 
aooounting flnr the &ct^ that one of these fluida^ sent to the 
bnin, nourishes, stimulates, strengthens^ and enables it to 
direct the whole system ; while the afflux of the other wovld 
produce delirium, torpor, death. Is it not deer that there is 
some influential power that eludes all our researches^ th«t 
defies alike the chemical investigator and the mieroscopie: ob* 
aurver ; in i^ort, a vital principie, with which we can aolj 
become acquainted by ohserring its eflEects? 

We have thus the principal facts of respiration before us ; 
and to account for these, two tl^ries haye been imagined. 
The first, which is only a modification of Priestley's, and which 
we mentioned before, supposes a direct combination to take 
place in the Itrngs between the oxygen of the atmospheric air, 
and hydrogen and carbon thrown off frcHoi the venous blood* 
This has the merit of being extremely simple^ and of showing 
at once how the carbonic aeid and watery vapour might be 
fonned ; but, unfortunately, it is defieieat in facta, there being 
no proof that hydrogen and carbon are secreted or given off la 
the lungs from the blood ; and farther, it is irreconcileable 
with the experiments of Messrs. Allen and Pepys, in which 
the \9h6Le oxygen was not more than suffid^it for the carbonic 
acid produced, yet the watery vapour continued to be formed 
as usual. The second was originally proposed by La Grmsg^ 
and supported by Hassenfitatz, but owes its principal celebrity 
and authority to the experiments of M. Edwards. According 
to it, the carbonic acid is formed gradually through the whde 
course of the circulation, and given off by the venous blood in 
the lungs ; at the same time the blood absorbs oi^gen, becomes 
red and stimulating, properties which it gradually loses as it 
gets into the smaller arteries, until at last^ in the fine capiUvy 
vessels, no distinction can be made between the fluid in. the 
last arterial and first venous tubes. This theory is the more 
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ptobaUe of the twa, and is at present most geneiaUy adopted ; 
yet it would not be diffieult to nose objectiona, as, for instaDc^ 
How can it be reeonciled with the lesoH of Mr. Bnuide's and 
Sir Charles Scudamore's experiments, wMch. seem, to idbow on 
cqoal quantity of carbonic add in arterial as in veDOus blood I 

Connected with this, is the interesting question of the geaofio 
ration of Animal Heat. 

living bodies are endowed with a &ciilty, by means of wldcii 
Aey are enabled to reskt changes of temperature. The tenn^ 
animal heat, as applied to the result of this property, is en- 
dently erroneous, Ist^ because the power is coimmon to all 
Hying beings, plants as weU as anhnals : 2nd., because it seems 
to operate, at times^ rather as a principle of coolness than of 
hoA. ; for instance, when Dr. Fordyc^ in air of 140^ Fahiea* 
heit) found his body still at the usual temperature of 9B^ to 
100*. On this, however, we shall not insist, as the expera^ 
ments of M. de la Itoche would lead to the eoneLuaon, that 
the transpiration from the lungs and perspiration from the skia 
06, in such ease% so abundant as to account for the lower 
temperature at whidi the body remains. We sbaU rather con* 
aider the more usual exendse of this property, in maintaining 
the body at a temperature above that of the atmosphere. Of 
aH animals, birds are the best provided in this respect, their 
heat varying from 106** to llO* Fahrenheit ; next come qusA^ 
nipeds, at about 100° or lOP ; and after them men, averagiag 
96* to 96*. As all these degrees are considerably above the 
ordinary temparature of our climate, these animals have been 
classed together under the name of vMrm^looded animals. li^ 
on the contrary, we examine the body of a reptile, of a fish, 
and of most of the invertebrate tribes, we riiall find their t^n* 
peratnre very nearly that of the external air, or only exceeding 
it by about two degrees. Thus Broussonet remarks^ that the 
temperature of a fish is about three-quarters to one-half a de- 
gree (Reaumur) higher than the medium in which it is inn 
mersed ; Desfoetz found a carp 63<* when the water was Sl'^A 
Fahrenheit ; and every one knows the proverbial coldness of a 
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£eog. ^Tbese^ thefefoie, as contradistiDguisked ftom the otHers, 
Ibrtn the second gieat claBs, or the eold-Mooded animals. Phy- 
flioiogiBfts were not long in observing, as connected with this 
difference of temperature, a corresponding difierence in the 
perfection and energy with which the fonction of respiration 
was earned on. We hare already described the very estensiTe 
apparatus provided for this purpose in birds, who breathe with 
80 much rajndity that Lavoisier found two sparrows to con^ 
sume as much air as a Guinea-pig. But something more is 
necessary, for heat has a tendency, wherever generated, to dif- 
iase itself amongst surrounding objects until an equilibrium is 
•sbdbliflhed. The only means of preventing this, is by enve* 
loping the source of heat with certain bodies which it is ascer- 
tained have a very imperfect power of conducting it. On this 
principle we cover our own bodies with blankets in winter, be- 
cause they prevent the rapid communication of the heat g&ae- 
xated within us, to the air or the objects around us ; eieactly 
on the same principle, in summer, we place blankets around 
our ice-houses, to prevent the external heat penetrating to 
them and thawing their contents. Now, amongst the most 
perfect non-conductors of heat that we know, are feather 
and fur ; with the former of which birds, with the latter of 
which the mammalia, are generally covered ; we therefore 
see why they both exceed us in heat, and why we are 
obliged to imitate, by artificial clothing, a provision with which 
nature has already endowed them. In the case of birds, whioih 
soaring to such great heights are necessarily exposed to the 
most piercing cold, this provision is peculiarly admirable; and 
the use of it was practically illustrated by the felconers, who, 
when training a young hawk, always plucked the down from 
hid breast, well knowing that, while thus exposed, he would 
never renture a flight to such an elevation as would be beyodd 
their k^i and call. In aquatic birds, which, spending their 
lives. on the water, are thus constantly exposed to a^ medium 
most powerful in abstracting heat, how beautiful and dose i$ 
the plumage^ how soft and impenetrable the down^ particuladlx 



on the hvssist and beUj, tli9 part$ nearest tl»e vavei ' So ateo 
the animals that inhabit the acetic regions: the ernutie^>ith(9 
Siberian squiirel^ the polar bear^ present the finest^ doeest, 4md 
most valuable furs. But aU these are means of keeping in 
heat, and not of generating it; they, therefore, infer that some 
such power as the latter exists ui the bodies to which they 
.Jbdong: in all these bodies respiration is an energetic function.; 
the question then was obvious — ^Does not animal heat depend 
on respiration? 

And looking at another great division of animals (the cold- 
blooded), the conclusion would appear strengthened. In tii« 
reptiles respiration is incomplete, the structure of their lungs 
is less perfect, the number of inhalations less frequent, and 
fiooly a portioa of. their blood is submitted to the action of the 
air. In fishes, the quantity of air to which the blood can be 
.e^N)sed is small, being merely that which is dissolved in the 
,water« In both these the temperature is low, little exceeding 
that of the media in which they live. Cold, therefore, readily 
affects them, and this is particularly observable in the reptiles, 
wJtiich.are scarcely to be found, few in number and diminutive 
in.size^ towards the arctic circle; while between the tropics 
they are of such size, abundance, and variety, as to afford a 
ready key to the old Egyptian fable, which supposed the cro- 
codile to be engendered by the heat of the sun. 

Insects, it is well known, die in these countries at the 
approach of winter, having first laid their eggs, which remain 
ifii the larva state till brought forward by the heat of the sue* 
oeeding spring. It is, therefore, evident that for them the cold 
has the same terrors as for the reptiles, and in them also respi* 
riation is imperfectly performed*. 

I So far there seemed a £ur connexion between the intensity 
of respiration and the generation of animal heat» so that, in 
direct contradiction to the old philosophers, who held that 

•* InMctB, however, which lire in society, saoh as bees, and ants, derdope 
yery canslderBblB heat. A thermometer placed, during the winter, in a hee^ 
hive,, will constantly show from 96° to 99*^ Fahrenheit, and when we excite the 
Ifasecis, their wspiration, it is said, beoomlng more rapid, the heat rises. 
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xesi^ffation was med to cool the blood, H was now decided tfaat 
vetj^iatioii was a means to heat it. 

Dr. Black was one of the fint who vedueed these ^agae 
ideas to somethiag of a definite l^eoiy, and his expiasatiiHi, as 
modified hj Crawford, is hdd by the chemical school of phgr^ 
aMogiflts to this day. fie found that when carbon was bnmtti 
in air oxygen disappeared, carbonic add was liDnned, and heat 
«ff«lTed. This is exactly what takes place in xespizatimi. 33ie 
conclusion is clear: respiration is a species of oombiuriioB.^ 
iMoee the more energetic the respiration, the greater the fnan* 
Uty of heat evolved. This was simple, at the same iameso 
iagenions^ that it readily was adopted by a great mimher cf 
converts; an objection, howev^, was made to it, which even tb 
Black himsdf appeared difficult to be got over. It was tiiis; 
if the heat of the whole body be derived j&om the Inngs aa« 
iscos, abd caused by a sort <tf combustion taking place in tfaeni^ 
their temperatore must be superior to that of all other oigaau^ 
in &ct so high, that we cannot suppose their sfcracture ca|iBhlft 
of bearing it. The reply to this objection, and tibie prafbot eln* 
cidation of the theory, were reserved for Crawford; andoTen 
tiiose who he»tate as to the accuracy of his fiusts, and do not 
admit his hypothesis, unanimonsly declare it to be a most 
beautiful and ingemous application of physical and chemical 
reasoning to explain a problem of the animal economy. 

We BhaiU. endeavour to explain it to the general reader. If 
apiece of sponge and a ^ece of bread, of the same size, be eaA 
dipped into a cup containii^ water, the sponge will take up 
more water than the bread. In sudii case, we would say tho 
sponge had a greater tapebcUy for water than the bread* Let 
us say that the sponge took up an ounce, and the bread onfy 
half an ounce of water, and that, to the eye, they looked 
equally wet^ the capadty of the sponge for water would then 
ba pronounced to be douMe the capacity of bread. 

liow i^ by any possibility, the sponge could be changed 
into 1»ead, it is evident that it would give out half an ovmee 
of water, and look as wet as before; or if the bread were 



dUEBged ioiU) sponge, it oouM take up an additional balf-onooe 
witiioiit i^pearing to haye increased in wetness. 

Ab foedies ore thua ahown to hare a diffeveni capaci^ for 
'Water, 80 abo bodies may have a difierent eapacity for lieat ; 
aad in tbis case we measiirey not by the eye, but by Hkb 
tbomioaaeter. Thus, if a pint of mercury and a pint of water, 
m each of whieh a ihennometer immeified will show 60°, ase 
placed in a store for a short time, and when withdrawn, the 
XHBPomy raiaeB the thetmometer to lOCT, while the water o^y 
'inlwiii it to 80% it is eTideot that the same quantity of heat 
wiiaeh raises mezcory 40% raises water only 20% therefoie 
sieicnry has a greater capacity for heat than water in the pro* 
poi!tion of 40 to 20, that is, as 2 to 1. I^ then, the water «t 
80** were suddenly conyerted into meraury, it is evideni that It 
«oiild give out 20° of heat, and still continue to show 80" on 
tbe ihermometer, for by the terms of the ea^eriment it leoeiv^l 
ae much heat as would raise mercury 20° above 80°; while if 
&e neroury at 100° were oonv«ited into water, it should either 
at once 611 to 80% or, if heat were in its vicinity, absorb a 
quantity sufficioxt to maintain it at its high temperatuxe** 

Now tlus difference in the o^iacity for heat, Dr. Crawford 
sAiowed by experiment to exist between arterial and venous 
blood, the former exceeding the latter, in that respect, in about 
the proportion of 114*5 to 100, or about 11^ to 10. When, 
therefore, venous blood was converted into art^al, which took 
place in the lungs, it was able to take up an additional quai^ity 
of heat without appearing hotter, as the bread, if converted 
imto i^onge, would take up an additional quantity of water 
without tsppearing wetter. And again, when the artexial 
blood became converted into venous, which takes place in the 
eictreme vessels in all parts of the body, it gives out this heat in 
the same way that water would if converted into mereu^y, 
and thus maintains the tranp^Bture of the whole body. We 

^ In this explanation we have confined enr attrition to theqnantitieB of heat 
en^toyed in the experbnent as being aH that wasneoeaaory for our obiieot. We 
8)umid merely have peiplexed the general reader, whom it is always our object 
to take along with us, had we entered more at length into the qnestion of *' spe- 
cifio caloric." 
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^U9 Bee how a great; heat miiy \e ^geiwailed'.m.tfi* Ivvsl 
yrithout injuring their Btmctuie, becaipt at 4ha BieiBei^;«f 
its production it is absorbed and r^adared latenit in tiie aHmd 
bloody and how this arterial blood oonreys this hast to e^eiy 
party and distributes it to all in their dua pn^((»iioiu : Thttre 
remains but one thing, which is to show that heat u gen^Btttad 
in the lungs, and on this Dr. Crawford made numerous and 
satisfactory experiments. He showed that the quantity of heat 
evolved by an animal during the production of a certain quan* 
tity of carbonic acid by the process of respiration^ was nearly 
the same as that gained during the production of an equal 
quantity by the direct combustion of carbon in oxygen. U» 
^owed that heat was evolved, not only during combustion, 
but during putre&ction, fermentation, germination, and all 
those processes by which carbonic acid is produced. It was 
then &irly inferred that heat must also be evolved in respira- 
tion. This heat is consumed in three ways: 1st. The cciLd air 
taken into the lungs must be warmed up to the temperature 
of the body ; 2nd. the watery matter secreted in tlie air-paa- 
sages must be converted into vapour, in which form it is ex- 
haled; and drd. the increased capacity which the fresh-made 
arterial blood has for heat, must be saturated. The whole 
theory, then, would run thus. The dark venous blood is 
loaded with a quantity of carbon, which is thrown into it in 
its course by all parts of the body. Arrived at the lungs it 
exposes this carbon through the medium of a very fine mem- 
brane to the oxygen of the atmospheric air, and in consequence 
of the attraction subsisting between these bodies, they unite 
and form carbonic acid. The result is the giving out of heat, 
and its instant absorption by the arterial blood, which, with 
its carbon, has lost its dark colour, and, in consequence of the 
change, requires an additional supply of heat. The mode in 
which this heat is applied to use, we have explained above* 

Chemists, and chemical physiologists, still use this theory, 
with a few modifications, chiefly suggested by the experimente 
of }L £dwaid% on animals whom he caused for a tine le> 



hntAit im ^ dipriv^ rf oxygen. Bfe fimnd that tKey 'stitf 
ga^> oiit'«u4Miuk)' acM, aiid In sonne ccls^s the quantity given 
bttt ^ittMded the whole bulk if the animal, so that there was 
CO iKWfiibiliiy o^ attiributing it to the oxygen of any air it 
Uliglit have oariiM into its Inngs. It is evident, therefore, that 
calbdnic add, not catrbon, is what the venous blood gives off in 
ihe hings; and fitom other ext>eiiment8 of the same ingenious 
imd talented gentleman, it is concluded that the aur taken in 
respiration is absorbed into the blood, that in the minute ves- 
sels meeting with carbon, carbonic acid is formed, and thus 
heat generated at the point where it is wanted, not generated 
m the lungs and conveyed to that point; that this carbonic 
aeid darkens the blood, a power which it can be shown to have' 
by experiment, and finally, being conveyed to the lungs, k 
tihere thrown off, and a fresh supply of air imbibed. It is not 
so dbsrly ascertained what becomes of the nitrogen of the air 
Imt it seems probable, that being taken into the blood it is 
applied to the uses of the system, while other nitrogen, which' 
had been so applied, and is now unfit for longer stay in the 
system, is returned into the blood, and discharged by it from 
the limgs. 

• We have dwelt sb much on this theory, which besides, 
with the modifications described, is adopted by such men as 
Bostock, Elliotson, and Turner, that we shall be more brief 
with the other opinions advanced. 

Dr. John Davy endeavoured, by a well-conducted set of 
eiqieriments, to be found in the Phihsophicdi Transactions 
§(fit 1814, to show that the difference in capacity for heat be- 
. iween venous and arterial blood, on which so much of Dr. 
Crawford's theory turned, had no real existence. In conse- 
fiience of the subsequent views which we have stated, this 
^esthm is now of no importance ; for as it appears the car- 
bonic aeid is not formed in the lungs, of course the heat is nof 
evolved th^e, consequently there is no necessity for increased 
e^^aeify to carry it off. This would seem a confirmation, 
la4 wwt x , «f the acouracy of Dr. Dav^^'s experiments, as if the^ 

8 
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capacity wem nally gseater, the tempemtum of the aarteiial 
Uood should be lower than that of yenoiUy which, u not the 
OMe, the thennometer at the left aide of the heart genonUjr 
standing a degree or two higher than at the right. 

By some euriona experiments publiahed in the PhUotopkh 
od HwuacUom ibr 1811 and 1812^ Sur Beigamin Brodie en* 
deavmixed to show that the whole theory was anoneous^ and 
thai animal heat was solely depaident on nerrons inflnenee^ 
and had nothing whatever to do mth ree^inition or artoriallia- 
tion. The action of oertiun poisons appeazs wlu^y exerted ma 
the nervous system ; of this kind are the woorara ani pmanc 
acid. If, while an animal is under their infiuenoe, leainzatiix^ 
be artiScially kept np, the blood will imdergo ito umal 
changes from venous to arteiial, the air will be found loaded 
with carbonic acid, in short, all the chemical part of ze^ 
zation will be gone through. Having killed, or rmdeivd 
insensible, two rabbits by means of these poisons. Sir B. 
Btodie suffered one to Ee untouched, while in the other he 
ke|>t up respiration by means of an elastic gum-bottie, which 
alternately pumped air into the lungs and drew it out. This 
air, when examined, appeared to have undergone the usual 
changes, the blood had been reddened, the drculatioa con- 
tinued, and carbonic acid formed, yet this rabbit had cooled 
down fester than the other. He repeated the ea^rimeat in 
different ways, sometimes destroying the nervous influence by 
dividing the spinal marrow, in place of by poison, but the 
resulte were always the same— the rabbit in which respiratioa 
was kept up, cooled &8ter than the rabbit which was let alone. 
The action of these poisons is temporary, and if life be thns 
artificially suppcnrted for some time, the brain seems gzadn- 
aily released from their influence, and the animal becomes as 
before. In such cases Sir Benjamin Brodie found that, exactly 
as the nervous influence becmne restored to the body, so did 
the heat return. Here, then, was an entirely new dpc^xine 
of Animal Heat. It was no longer connected with the geaa- 
xation of earbooic aoid, but was directly under the goyum" 
ment of the nervous system. 



This» hi9wvr€ep wu o^t l<»g suffered to paoe undii^iited. In 
addition to tiie «2gajnenie wUh which it was aaawled by Hhe 
4»lieiwiwtoj fol]Awei» of Ckaw&zd, it met moie Ibianudable ^ff(h 
attioa from tlie T^petition of the aame expexu&^sto with diiSfeveiit 
jpamHtn hy Le G^Uoit ia Fraibee» and Wilaon Philip in fiu^^aod. 
Ilbej otwerred, vluut Sir Benjaiaiii firodie had jieglectad 
uttendifftg ifl^ that dwag life leq^irataon if al wagre f^iopofttonad 
t» the wants of theayvtam by* sortof isstxnpt; that^of eouae, 
tbia iiiatiBet beiDg abolished, and the viints of tiM sjite^ 
lessened by the low state of yitality to which the whole M^ 
<iraiiedileed by the temporary anapeasioii of nenrons power, 
ibe tpuaxtity of air intiodueed into the Ijungs dioidd he eonai- 
^toaably diminished, otherwise cold air was intpoduiaed iato iho 
uitaior of the animal, which it did net 'want, and whji^ 
ftharefore, did nothing but lower its tompcnatfoie* WhennU 
liieflB ciieamatances were duly allowed £or, ihey found, in 
dosact contcadiGtion to Sir Benjamin Brodie, that the cooling of 
the body was actually delayed by the pvooess of artificial infla- 
tion, Ihough, in consequence of the diminished eonsomption pf 
<9zygen, it was not altogether prey^^ted. M. le Galloisi there- 
lone, rererted very nearly to the old chemical theoiy, consi- 
dfiisng the nerres as only acting indirectly, by producing a vuare 
perfect conununication between the air and the blood; while 
3)r. Wilson Philip anived at the conclusion that Animal Heat 
is fi'Secretion* M. de BlaanTille sets it down m a simple nendt 
of nutrition, and J)!, Williams emlnnoes very nearly the same 
. "views. All agree that it is, to a certain extent^ influenced by 
the n^nrous system; but whether directly or indirectly is a 
- point not yet decided. Dr. Marshall Hall found that^ in hyber- 
aating animals, such as the bat, the tempeoture fell as the 
zeapiration became less frequent, and the carbonic acid fooned 
less abundant; on the other hand. Sir B. Brodie, as we haFoaeen, 
Aowed that as the nervous influence, was restored, so eifatiAy 
d&d the heat rise. For our parts, we find chemiatry, dbctKo^he- 
nalatry, and mechanics, alike unable to explain this phenomenwi. 
We Aie contented to consider it as a property attached to lit?, 

82 
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hmw ttpedally as it fa to be notioed in planiB and tnn, mhsK 
iimilttr chemieal changM do not occur, and nmilar nervoiu 
infinence caanot be shown to ensfc. Bat in so doing we mesn 
not to be oonsideied as ofiering any erplanation. When any one 
shows ns what gnvity is, otherwise than by an ennmenitioB ot 
its efKBcli^ we shall attempt to diow what life la^ in a sunilarly 
abstraet manner. Meantinie we must be content to desonbe it 
as the nnknown cause of known properties. And perhaps that 
b nonsense, but we take the teim from wiser men than we 
pretend to be. 

Bnt we must say something of the voice, that fiicnlty hy 
means of which we best express our feeUngs^ affections, and 
sentiments; which, modified by the organs of speech, giyes 
ntteranoe to tiie hidden things of the heart, and alike enables 
the sage to eommnnicate his wisdom and the fool to bablde his 
folly. And here we haye already made a distinction that will 
require to be attended to : the roice is one thing; it is conimon 
to us with beasts, whose cries will express pleasure, or pain, 
rage, sexual desire, or fondness ; speech is another thing, and is 
the peculiar prerogatiye of man. It is true some ftnifpft^ such 
as the jay, the parrot, &c., can articulate, but this is not to- 
gpeak : speech is the expression of thought, and monkeys don't 
speak, says Lordat, because they haye nothing to say. This 
ample obseryation, which is as philosophical as it is terse, 
might haye sayed a world of trouble to different anatomists^ 
who spent much time in finding out, by peculiarities of struc- 
ture in the organs of yoice, why no animals sfpoke but man. 
Now anatomy is totally unable to resolye the question, inasmuch 
as seyeral animals, who do not speak, can, neyertheless, articu- 
late when taught to do so by man; it is evident, therefore, 
that their natural dumbness is not to be attributed to any 
organic cause. In fiict, the organ of voice in man is extremely 
nmple, being nothing more than a tube conveying air, near the 
top of which are placed two vibrating cords, the vibrations of 
which, communicated to the ur, throw it into sonorous undu- 
lationSi and thus voice is produced. Nor are the organs of 



and palate, all, it will be obwireil, sitmtad beyond, or exteiioT 
to ■the place wheie the Toiee ia produced, ioamuuih. as it is 
necesmy to lave Toice before you can iiiak« words, as a isay 
penter must hare timbei before he can make a table. The 
relative titaatioa and stmeture of those part^ will be eanly 
undentood by a leferenoe to the subjoined plate copied 'finim 
Scemmering's /eonM.in which t represents one side of the tradtea 
or windpipe, brinpng up the air &oni the hin^i, here laid open 



M u to disi^ e, ttie fine eonl or ligament stretched eetme iMffi 
its Tipper extremity, and which, t>7 its vibrations, produces voice, 
while beyond that are p, the palate, t, the tongne, with the 
teeth an<l lipe, all, as we have said, eng^ed in the fbrmatacm ^ 
Efteech. A more accnnte idea of the dtoation of these ribnilii^ 
corde^ commonly called chorda voeatei, may be had &om the 
fbllowtiig: cut, in which they are repreaent«d as they would be 
Been by a person looking down the windpipe ftom above, oikl 
able to descry tlieir ritnatlon in the aperture. 

In this cut d is the ep^loUU, Bitosfed, 

as we have already learned, in front of the 

opening, and ready to shot down on it, so 

as to prevent the entrance of any foreign 

inatt«r ; fiom it we see two ligaments, fi 6', 

prolonged backwards, so as to constitute, 

as it were, a sort of superior dilated orifice 

of the wind[ripe. The true opening of 

this we see deeper down, at <n, and to this 

opening the name of glottit is given ; while at either mde of it 

are stretched c c', the eAon^EB fMO&t or vibrating cords, on which 

the production of the voice depends; and above these we olv 

serve two little depresaionB or cavities, termed ventrieUg of the 

larynx, Uie object of which spears to be to leave room for the 

vibratii^ of the cords. 

Bat we nught be asked how we know that the voice is 
formed at the exact point which we term the glMu, and de- 
pends on the vibrations such as we have described. The qnes- 
tioQB are very ^r, and we proceed to answer them. If an in- 
cision be made into any point of the windpipe, below that 
which we have indicated, the voice is immediately lost, bat if 
the aperture be in any way stopped up, as by clodng it with 
the hand, a ple^t of lint, &c., the voice is restored. If, on 
the contrary, the indsion is made above the glottis, the voice is 
in no way affected. This, we think, accurately determines the 
locality, inasmuch as, in the first experiment, the air is allowed 
to escape at a point lower down than the glottis, and no voice 
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is pzoduoed ; in the seoond, it is allowed to escape immediatel j* 
after passing tlLrongh the glottis, and then the voice is perfect* 
Of these &cts we have ourselves been witness* For the second 
question we were satisfied with the general principles of the 
fbnnatiQn of sonnd, and the anatomical fitness of the parts to 
act in accordance with those principles ; but M. Magendie has 
lednced the matter to an actual demonstration, for having 
made such an incision as the second we have described into the 
throat of a dog, he seized and drew forward to the mouth of 
the opening, the top of the windpipe, and, holding it there, 
was enabled to observe that, when the animal howled or cried, 
the production of sound was always accompanied by a tension 
of the glottis, while its edges (the cords of which we speak) 
-vibrated in an evident manner. He further foimd, that he 
might cut the edges of the orifice of the windpipe, or even the 
tops of the small cartilages (the arytenoid), by which it is sup- 
ported at its hinder part, without sensibly affecting the power 
of producing sounds ; but that as soon as he cut those liga- 
ments the animal became mute, and the same effect was pro- 
duced if he cut the nerves going to the small muscles by which 
these ligaments were moved. 

From these experiments it seems beyond all doubt, that 
the voice is produced as we have described ; but, not satisfied 
with knowing this much, physiologists insisted on knowing 
more, €md, as they proceeded rather by the good old way of 
conjecture than the good new way of experiment, they soon 
became involved in a variety of conflicting opinions; some 
insisting that the human latyna was a wind instrument, like a 
flute, others that it was a stringed instrument, like a fiddle, and 
others, again, that it was a reed-instrument, like a flageolet or 
organ. For our parts, we think it is neither a flute, a fiddle, a 
flageolet, nor an organ, but a lar3nax; simply a larynx. But 
we must describe our laiynx a little more perfectly to enable 
our readers to imderstand the cause of our opinion. The 
larynx, then, is placed like a box or case round the top part of 
the windpipe, to afford a firm, and in some measure resonant. 



^ tb^ pvodaeticm.of Yoipe. It 14 cpmpoped.x^-ibree pfiMpal 
^purtUages; the one likeajjng, wheaee\lt is called encM\ 
amrouuda the top of the windpipet as if to give it a &uafau 
This cartilage is mnch wider behind than before, or may bt 
compared to a signet-ring, the seal part of which should be 
turned backwards. It forms the base of the larjnx; and 
above it, in firont, is placed the thyrctidi^ or shield-shaped 
cartilage, which is of considerable size, particularly in the 
neck of the adult male, where it is commonly known under 
the name of Adam's apple, and not only forms the front of the 
larynx but runs &r back on the sides. This will be clearly 
understood from the following cut, in which a is a front view 
of the thyroid cartilage, separated from all the rest ; b a side 
view of same, in which a is the anterior and p the posterior 
extremity : c is the cricoid or ring-shaped cartilage, with its 
deep part behind, while the thyroid fits down upon the narrow 
part in front, in a way we shall presently describe. 





The third cartilage is the arytendtdX or funnel-shaped ipar*-. 
tili^e, which we should rather describe as two distinct cajr^ 
lages, one for each side, placed on the top of the derated pa^ 
of the cricoid cartilage ; and thus completing the back part s4 
the larynx, which, when all its parts are put together present; 
the appearance represented in fig. 1, when viewed in front; in^ 
fig. 2, when viewed from the side ; and in ^g. 3, when view^ 
from behind ; and in each of these figures^ the same lett(9ff| 

. t VtQin Qvp^msf a ibtold, and ciBof, Ou^i-^t^iM^htiped. , - . / . 
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kateriw or nakiDwj and « the' posterior or bn»d part otitic 
ineoH cartilage ; d d' the arytenoid cartilages, resting on the 
iatter and meeting at the sutrunHe ; e e* the horaa of the Ihyrtfid 
eartilage, and/the epiglottis. 




Anterior, latonl, And pHtarlor Tiewl of ttafl lAiynx. 

These several cartilages ore not fixed, but moveable upon 
one another by muscles : the chords vocales, also, are by no 
means to be conaSdored as simply elastic ligaments, Btrained 
between their extreme points, and obliged to vibrate when 
blown with sufficient force, like the strings of an j£olian harp. 
They are, on the contrary, living ligaments, endowed not with 
8 mechanical bnt a vital elasticity ; and supplied with muscles, 
vhieh r^;iilate all their motions to the nicest degree, placing 
(hem in that state of tennon and parallelism which the inge- 
idons experiments of Dr. Willis (recorded in the GambrUge 
PMloKythieal TVoMaettotu, vol. iv.,) show to be necessary to 
file production of soond ; and not only that, but moving them 
In every the slighteat change of tone, so that we cannot doubt 
that every tnm or trill on the human voice is produced by a 
succession of muscular contractions, as surely, though not so 
obviously, as a shake on the violin under the fingers of a 
Faganini. This is the reason why we say a larynx is not a 



Itate, nor a fiddle^ nor a flageolet, nor an organ, but a kuynXy 
tiiot iBy a living instrument, which can give or withhold its 
i^onnd, so long as no part of its tUal apparatus is impaired, s^d 
whose vibrations depend not on any extenud impressing agen^ 
but upon a power existing within itself. This it is that has 
rendered it a subject of such difficulty to mechanical philoso- 
phers, who have each been making their pipes, or their 
whistles, or their trumpets^ and endeavouring, from the 
mechanism of these, to explain all the circumstances of the 
formation of the human voice. It is true that, in this ^y> 
rude imitations of certain sounds may be made. The vowel- 
sounds particularly, are said to have been imitated by Kratzen- 
stein and Kempelen, in the last century, and we believe with 
stm more success by Mr. WiUis and Mr. Wheatstone in this. 
Nay, we are told by Bivarol, that the Abb^ Mical made two 
colossal heads which could deliver entire sentences, but he 
unfortunately broke them, in consequence of not obtaining 
from the French government the reward which he thought 
his ingenuity merited; and as he left no record of the 
mechanism employed, we know nothing further than the 
anecdote we have mentioned. Kratzenstein, indeed, has left 
TDts full information as to the means he employed ; which were 
simply pipes or tubes of different figures, with reeds of aa 
ii^enious construction inserted in them, which, on being 
blown through, sounded aeoui. Figures of these different 
pipes may be seen in the plates to the first volume of Dr. 
Young's Lectures (m Natural Philosophy ^ or in the Transaction 
cf the Petersburg Aeademy for 1780, in which publication the 
essay first appeared. But what do all these experiments 
amount to fiirther than that the art of man can, with infinite 
pains^ and labour, and calculation, produce from inorganic or 
dead matter, very imperfect imitations of a very few out of the 
countless variety of sounds which, with a scarcely noticeable 
exertion, the living larynx can send forth. When medianicfll 
philosophers, therefore, urge it as a serious objection against 
physiologists, that they attempt to study the voice by observing 



aba oigans of speech % it would appear thai physdologigt^ 
xaight £uriy retort upon those who seek to illustrate the phe*- 
macieiiA of Toice by instrumeBts, deprived of the most import* 
attt element in its productioD — ^life* The whole pointy in 
shorty seems to lie in two words : we study voice, they study 

One objection may be urged against the theoxy^ that Toiee 
18 altogether yital, which is, that if you take the wind-pipe d 
a dead animal, and press towards each other the aiytenoid car* 
tilages^ so as to render tense the chorda vocales, a current of air 
directed fiN>m the lips, or a bellows, through the wind-pipe 
will then produce a sound. But this is merely an apparent 

* Mr. WflUiriB vmiiB uo, *' K0nipel0n.*g nlBtake, Uko that of werp oiher 
wriUr on this subject, appears to lie in the tacit aasumption that every illnstra- 
fion is to be sought for in the form and action of the organs of speech themwelrea, 
nWeh, howevw paradoxical the assertion may appear, can never, I oonlendy 
lead to any accurate knowledge of the sulgeot/* If by *' the suttject," he means 
Toice and speech, the assertion is sufficiently paradoxical, despite his subse^pu^^^ 
flBKpIanatikm, whicb» \(y the iray, refers all not to voioebut tosoond: but we find 
much more paradoxical his opening assertion, that Kempelen and every other 
writer had sought all their illustrations in the organs themselves, when he ha« 
jvflt betn occupying two pafles of his essay in veocftuiting the different tabe8» 
pipes, speaking-machines, &a, of Friar Bacon, Albertua Magnus, Kircher, 
Bidiop Wilkins, Mical, Kratisenstein, dec. &c, which were certainly at least 
te«anded to be «' iUuatfatioiiaof tha aaljwt^'' 

W e cannot, however, suffer ourselves to disagree in one respect from Mr.' 
tVUlis's opinions without acknowledging, generally, how much we admire his 
aaeond truly exoeUent paper on the Mtdumitm 4/ tfte Xaryiiv, in which ba 
inters into an examination of the structure and functions of its several parts in 
a manner deserving of all praise. 

Ct " Mr. Willis, of Cambridge, has recently adapted cyUnArleal tubes to a reed, 
whose length can be varied at pleasure by sliding Joints. Up(m drawing out the 
tube, while a column of air from the bellows of an otgan is passing through it» 
OaTowato are pronoimoed in tbe order, i t a o%h On extending the tube, thay 
are repeated, after a oertain interval, in the inverted order, u a ei. After 
another interval they are again obtained in the direct order, and so on. When 
the pitch of the reed is veiy high, it is impoesiUe to soond some of the vowals, 
which is in perfect correspondence with the human voice, female singers being 
imable to pronounce u and in their high notes. From the singular discoveries 
tf M. Savart on the natum- of the human voice, and the investigatioiis of Mr« 
Willis on the mechanism of the larynx, it may be presmned that ultimatdy the 
utterance or pronunciation of modem languages will be conveyed, not only to 
iha eye, but also to the ear, of posterity. . Had the andenta po o s es se d the meaw a 
«f transmitting soch definite sounds, the oiviliaed world would still have 
responded in sympathetio notes at the distance of hundreds of ages.*'— l%tf 
OmmuHiitn <(f Ou Phftied BeUnce$f by Masy SomerviUa, fladed., p. IT^^l 



^nodpee la sooaiiKiy but U- Hus^oond voioe ? • You iimk9 ; a . ioi^m^ 
atid tiieiaechaiiieal philoflophers otai make.as good ai¥>i#e.wil3b 
tbdj tubes, exactly because you am botih acttugou dead matteir* 
But where are all the delicate inflexional the modulations^ ihe 
intonations, that gave expression, and sweetness^ and .pow^? 
They are gone/*<-g(me with the Hfa; and you can equally 
destroy them during the general life of the aninial if you 
destroy the rekoiontil life of the part, as can be done by cutting 
the fine nerres by which it is supplied ; cut those of one sldi^ 
and the voice is weakened; of both sides, and the voice is 
gone. 

The different tones of which the human voice is capable in 
singing or reciting, seem also to depend on these cords* Numer 
rous theories were formed as to the mode in which they acted» 
some supposing with Feirein that it was the greats or less 
tension of those cords that produced the acuter or graver 
sounds, just as the string of a violin will give a higher sound- 
when screwed up, a lower when let down. Others thought 
that it was according as the glottis was more or less open that 
the tone varied ; others thought that the raising or depressing 
the larynx, which any person may observe, by placing his 
hand on his own throat as he sings the gamuts afforded the 
tzue explanation. M, Magendie, however, put an end to 
guessing on this point also, and the experiment which he made 
for the purpose he thus describes. 

** I laid bare the glottis of a noisy dog, by cutting between 
the thyroid cartilage and the hyoid bone ; (this is immediately 
above the. thyroid cartilage, so that he did not injure the 
chords vocales, or interfere with the passage of the air througbi 
them.) I then saw that when the sounds are grave, the liga- 
ments of the glottis vibrate in their whole length, and the ex; 
pired air passes out in the whole length of the glottis. In 
acute sounds the ligaments do not vibrate in their anterior 
^ort, but only in their posterior, and the air passes only in the 
part which vibrates; the opening is, therefore, dlminisliedF. 
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Lastly]^ whai the soUndii hi« YMryr acute, the lignmenti phseobt 
^ribmtioius «l theit arytenoid (posterior) oxtreiliiiy only/ «ii4 
Hhe expired air passes only by tiiia portion of tlM g^ttia It 
appean thiit the extreme limit of acntaneas in sonnda happena 
iviien the glottis closes entirely^ and air can no longw paibb 
through the latynx V 

A drcomatance^ famiTiar to erery (me, strongly bears ottt 
these obfi^vations of M. Magendie^ and that is the prominence 
of the Ihyroid cartilage (Adam's apple) in tbe neck of men^ 
and not in those of women and boys. The explanatiNNn is thia: 
the' chordie vooales^ as our plates will show, are attached be- 
hind to the arytenoid, and before to the thyroid cartilages*; 
consoqaently if ihese cartilages remote to a greater distance 
from each other, the cords must become Icmger. But this ra- 
aboval cannot take place by the retiring back df the arytenoid^ 
§ar it is placed just against the gullet, and if it went further 
back, would interfere with our swallowing : it must, therefore^ 
be accomplished by moying forward the thyroid, and this takes 
|ilace ill boys just at the age of puberty, when, as eyery one 
know^ the voice becomes of a deeper tone, in consequence of 
tite lengthening of the cords, and is said to be cracked; the in-* 
di:tidual producing sometimes a high tone, sometimes a low, 
not haying yet leiuned exactly to adapt the muscular contrao* 
lions to the new state of his yocal cords. This change neyo 
tAea place in women, consequently their voioe at all times 
retains the high tone it had in childhood. 

' But there are certain modifying circumstances, which also 
squire connderation : we haye shown how a diyersity of notes 
tnay be produced, but each of these notes may be stronger or 

weaker, i.e., m accordance with the musical expressions yMa 

-t *• 

* With this latter conjecture we are not quite inclined to agree ; it is well 
Imown that a person attempting to hring out an extremely high note will Bom^ 
jKinesJbMak down in the middle of it, the mouth ccmtinuingopan and air pafiingf 
l)ut AO 90und being heard. From the air passing, it would appear that the glottii 
was open, but the cause of the interruption of the Toice is the inability to maia^ 
tiU the ptMraif Hi mosculac oontraetion neoeanty to the productlpn of reiy aoi^ 
Ipnee. . The eomplete occlusion of the glottis occurs when we make Tiolent elforts, 
as we then always ** hold in our breath.** 
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mid piano: there is, fisrtkermefe, what the Fieneh call ifm h n, 
whieh seems to answer to what we call qwMy of Toioe ; thna, 
4^ two persons smging tibe eame note, one may sing it in a 
radodionsy another in a hardi, tone ; one may hare a meUow, 
the other a wiry, Yoiee ; whence, then, oziginate these ^diffe* 
rencesi 

With regard to the first, it wonM appear that the gieater 
or less quantity of air forced out in a given time, is the ddaf 
ineans oi increasing cor diminiiihing loudness, hy inoreasiiig or 
^diminishuig theextent of the vifarations. A oertsan adaptaiion 
of the parts, however, is here required, otherwise not only 
wmild the Intensity he uicieased, hnt the tone* would be raised. 
SSvery one who has listened to the wind Uowing through a 
•key-hole, knows that as kmg aa the wind is gentle and muode- 
ittto, thiN!e is only a low cooing, or munnniing sound pnt- 
daeed ; but when the strength of the wind is much in croa s o d, 
and it blows a storm, the cooing rises to a shrill whistling, or 
fihiieking sound, many intervals more acuto than it was heard 
heiore. Now the same should take place if our glbttis were 
immoveable every time we attempted to shout or call out 
loud; that it does not take place,. is the result of our 
Jarynx being a vital instrument. It seems more difficult to 
explain the difPerence of quality in different Yoices, and this is 
the less to be wondered at, when we find persons most skiUad 
'in acoustics and mechanics unable definitively to assign ti^e 
cause of difference in quality of two violins, which tli^ can 
take in their hands, measure, weigh, inspect, take to pieces, 
and examine in every possible manner. In both cases, how- 
ever, it i^pears probable that the proportions and the qualify 
of the material must be the most important elements, and set- 
ting out from this foundation, M. Geofiroy St. Hilaire endea- 
vours to show how we may account for the weak and wailiag 
voice of infimey, when the cartilages are still soft, spoi^, and 
yielding ; the more powerful and resonant voice of manhood, 
when all the parts have acquired thdr due prc^portions, hard- 
ness^ and strength : the alterations pxoduoed in the voice by 
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diBMse, when the lining membrane of Uie laiyox hwrnm 
tiuokened and engoiged by inflamnuiiioiL ; «a4, finallj, Ae 
disagreeebk, bEoktn, and cut Foice «f old age, when the pacts 
hmre no longer an unimpeded freedom of motion, and ace no 
longer of an uniform deneity, bony matter being thengenemiUjr 
deposited m differont parts of the cartilages* The inflnenoe qi 
snch causes we conceive to be midoubted ; but we join M» P|- 
4iny In thinking that farther modifications may be accounted 
-for by Tsrieties in the thacknesi^ consisteniDy, length, and 
fltmetare of the ohorde yocaks, as (to use ooiselTGS a mechn- 
aieal iUattration) vBiietiea in the qnality of tMie of a violip 
aiay be imdonbtediy produced by altering the sues and qv^ditiy 
ai its stringB. The nature and form of- the cavity thxou^ 
which the voice passes after being formed, must also be tsk^ 
into account^ and this includes the consideKatiQA of the phaiynzy 
the mouth, the posterior nostrils^ &c* &e. 

Mr. Willis, indeed, insists on it that this 
latter consideration is alone sufficient, without 
any attention to the former, and he argues in 
this way. The vocal mechamam may be consi- 
dered as conrfsting oihmffs or beUotos, capable of 
transmitting, by means of the connecting iomd- 
pipe, a current of air through an apparatus con* 
tained in the upper part of the wind|dpe, 
termed the larynx. This apparatus is capable of 
producing various musical notes, which are 
heard after passing through a variable cam^, 
consisting of the phaiynx, moutb, and nose* 

Now, if this amngement be artificially imi- 
tated, by combining togeth^ pipes and cavities, 
"with bellowB in a similar order, and substituting 
for the larynx an elastic lamina, capable of pro- 
daidng musical notes when vibrated by the sti^am of air, it is 
Ibund that, by chang^ the fi>rm of the cavity above it, the 
lyarious qualities which distinguish the continued notes of the 
kumaa voice in speech, may be so nearly imparted to tbeaoond 
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whiflii the imitstitv krjmx hi piodvefaif) 9M piainl^rto A»w 
that there is no neoesBiiy lor eeekh^ way pewer «f aUwiag the 
quality of the notes in the larynx itself. Hus^ than, may be 
eonsidered merely as an instmment for prodndng eertaix 
musical notesy whicih are afterwards to be conyerted into 
Towels, liquids^ &e«y by the proper changes of form in.tha 
superior cavity. 

On reviewing this sentence, however, it will be found that 
Mr. Willis does not absolutely disagree with ua^ though hia 
terms might lead to the suppontion, for a little attention will 
show that he does not attach the same meaning as we do to the 
word quality of voice, but uses it to express that modification 
by which voice is formed into vowels, liquids, &c., in shorty 
what we call articulation. 

With respect to the quidity of the voice, Vicq d' Azyr makes 
the interesting observation, that its fineness and exoelleaee 
seem, in general, to be exactly proportioned to the simplicity 
of the organs by which it is produced. Thus^ in man, the 
whole construction, as we have seen, is of extreme simplicity^ 
a slit between two vibrating cords, supported by cartilages^ and 
goyemed by muscles ; while in the monkey tribe, it becomes 
complicated, with one or two membraneous sacs, or in some 
even with an irregular bony cavity, communicating by a hori* 
zontal passage with the larynx, immediately anterior to the 
ekordof vocaleSy while, at the same time, the voice has become 
altered and deteriorated, and the power of articulation is lost. 
In the digitated quadrupeds, such as the dog and cat^ the 
larynx beaffs much resemblance to the human, except that in 
the latter, immediately below the chordie vocales, are placed 
two very fine membranes, which vibrate when air is foioed 
even into the dead wind-pipe, and produce a sound extreme^ 
similar to the purring of the animal when alive. In the fif^ 
the epiglottis is laige and thick, the edges of the glottis^Ma 
hard, cartilaginous, and pierced by a deft, whidi allowatheak 
to pass into two cavities occupying the place of the ventiiclm 
^m whudLtibe air is expelled, by means of themssoleawfaU^ 



Brfties' of < Aha glottis, jiitid wkich ho BuppMed to be ooiumgM 
wiifa neigMHg* Thiftrstnuton » wanting in^ tJbe mule and 
aa^who, howevM; hayo one move singiilar in a little, cavity 
lioUowed o«t in the thyroid cartilages^ across which is drawn- 
a tight membrane, like the parchment over the head of -a 
dmm, but admitting air behind it, and inducing very consi« 
derable, though, from the want of muscular fibres^ unmodified 
-vibrations. In the bat the ekardas vooales are extremely 
ivdueed in size, and in some species quite wanting, which will 
account for their muteness, or their feeble imperfect voice-; 
another peculiarity of this order is, that they want the epl-». 
glottis, a character which is also to be observed in birds. Birda 
have no epiglottis, but its place is supplied by circular musoular 
fibres which run round the top of the windpipe and close it 
at will, so accurately as completely to prevoit the entrance o( 
any foreign* body. The proper larynx, or organ of voice^ 
appears to be situated in these animals low down in the neck,, 
or just where the windpipe is dividing into its two principal 
branches, and the distinction before noticed is equally appli-v 
cable here ; La birds of sweet and melodious voice the organ is 
simple, as we see in the canary-bird and nightingale ; in those 
with loud, harsh, or disagreeable tones, it is compound, fiu> 
nidied with additional membranes, or even having the wind-. 
pipe twisted into convolutions, of which forms we have exam-; 
pies in the goose, the wild swan, &c. To these chaiactexs we 
must add, that in the singing-birds the lower or proper laiynx 
k surrounded by abundant muscular fibres, whence its various 
fntonations ; but it appears membranous and devoid of musdo 
in the duck, the chicken, the bustard, that have only a ducky a 
quad, or some other monotonous note. In reptiles the voice 
■eems to reach its last term, and even to become extinct upotf 
tile total disappearance of the parts of the larynx. In front of 
tfw s^olUs of the frog are placed two long vibrating %BmeBts; 
pwfe ctly detached from the surrounding parlay and inoaied in 
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a ear<i]i^:iiioiis frame of a lozeogeHshapey the fttnt extreaadtj of 
which, is in oontaei with the back of the toagiie. Theaa an 
the OEgans which giye the long deep croek, ID aaonoying to la^ 
one who has ever had occaeion to attempt sleeping in the 
vicinity of a manh inhabited by animals of the frog-kind* Id 
seip^atSy the larynx and cords may be said to be quite gone ; 
the windpipe opens behind the t(Migae in a long naiTow slit^ 
and the sonnd is ledneed to the hiaang of air roahing thromi^ 
a narrow passage* 

We can say bat a very few words zespeeting speech and 
ailicalationy and this is of the less oonseqnsncey as these mat* 
ten are to be found treated of in nomerons popular works 
already within the reach of every one. The vowels are simply 
voice modified by the shape of the cavity through which it 
passes, and it is those that mechanicians have been most soo- 
cessfnl in imitating. Any person may satisfy himself as to the 
mode of their formation, who will take the trouble to pronounee 
the Ave nmple vowel sounds, a broad, as in call ; e broad, as 
in fete ; « as m in tree ; o as in grove ; if as 0(» in food ; and 
observe how they gradually proceed, as it were^ finxm the back 
of the throat to the front of the lips, with correspondiDg modi* 
fications in the degrees to which the mouth is opened and 
elongated. Of course the vowel sounds may be as numerous 
as those modifications can be made appreciaUe. Dr. Amott 
says about twenty of them are snffidently distinguishable, but 
few languages comprehend more than twelve. Mr. Wheat- 
atone, in an ingenious note inserted by Dr. Elliotson in hb 
fourth edition of Bhunefiiaeh's Pig^Mogy^ indicates a double 
aeries of vowels differing in their mode of fisrmation, and 
diverging firom mo (edU) as a central point. £1 the first aerie^ 
he says, the external aperture remains open, and the internal 
cavity gradually diminishes by the successive alterations of the 
poaitions of the tongue : in ^e second aeriea the positiooa of 
the tongue are successively the same as in the first series, but 
the aperture of the lips is diminished. We do not exactly unden- 
stand the taUe whieh Mr. Wheatstone pzofesses to have ooor 
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•tmeted upon this principle^ aoKl in which he adds to the two 
series^ thus defined, a third, of which he gives no farther 
d^mitioa than is contained in the hrief note ^ lips nearly 
elosed," which we think might very well be included in his 
flecond seriefi^ marked as ^ lips partially open*.'' We are ih.*- 
clined also to questicn his ideas of pronunciation, when he tdUs 
vs the long sound of ou^ is to be found in caught; whereas, St 
appears to us eyidenty that in this word the a«7, as socm as 
formed, must be closed by the t^ or the speaker would be said 
to drawl, and, we believe, the difference usually made betwecaL 
the long and shcHrt sounds of a vowel is, that the fonner may 
be Bustamed. We must equally object to his making twi^ 
distinct ffowel sounds of the o in coot^ and the o in court, as 4 
moment's consideration here will show that the modification 



* Having alluded to Mr. Wheatstone's views, and diBsented j^rom some of 
fhem, perhaps it is bnt fair that we should give his table in full, adding his own 
floq^lanation :— ** Each of these Yoweia may he long or abort, aoooiding td Qw 
duration of its sonnd in a i^llable." 

Tabls or YowsLB. 

Each serioB foxmed >7 the gradual devation of the toogne. 



¥1x8t Series. The lips 
fnUyopen. 


Beoond Series. The lips 
partially open. 


Third Series. Theliptf 
neariydtoaed. 




As pronounced. 




Aspronounoed. | 


As Pronounced. 




Long, 
In 


^orti 
In 




Long, 
In 


Short 




Long, 
in 


Bhort,' 
kn 


Law 

3,ae 
4.a 


eatcght, foU 
father, oar 
na«(8ootoh) 
loir 
feet, lite 


foily 
d«U 

in«i 

fit 


6.0 
7.0 
S,eu 

10. 


coot 
court 

bonheur (Fr.) 
afbeKX(Ft-.) 
Expressed in 
German by tt, 
in Danish and 
Swedish by i, 
in Dutch and 


1 


11.90^ 


09^ 


ftdl 










French by «. 




« 


1 


' i 



The third series appears to be a series compesedof an Jndi?idi||d, wUoih tp 
' t&ther a novelty. Other observations, in addition to those whidh we h&ve mad^ 
4ttov8» wt&, Avnbtlm, ocoar to any pawn who pemsts CheisMe wiCh ariiiiriun 
It is one of the latest constructed; batwemnst sqr i^ spie^ catbw tl^vofc 
Of a philologist than a physiologist. 

t2 
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depends altogether, on the consequent consonant; and if Urn be 
considered sufficient ground for distinction, he should not h&ve 
^pped at tfoo, but giyen us distinct vowel sounds for ahnost 
erery combinatioa of which each rowel is capable : thus^ in 
the present instance, he ought to have distiuguished the o in 
€^bra, cove, coat, cone, cole, coeirt, coke, &c^ because in each of 
them the vowel sound is interrupted by the consequent con.- 
jBonant in a different part of the mouth, which is the only- 
distinction between the o in coat and the o in court. To exem- 
plify this in the clearest manner, let the oa of the one, and the 
ou of the other be followed by the same consonant, and their 
flounds at once become identical : who can distinguish in pro- 
nunciation between coarse and course ? 

Of the consonants, perhaps the clearest account is thort 
given by Dr. Amott, who considers them as resulting &om 
the interruption of the true, or vowel sounds, by the closure 
or approximation of the parts through which they are passing. 
Thus, let any one form the soimd a, and suddenly stop it, by 
closing his lips tight, and he will plainly hear the syllable ap: 
if the closure have been effected softly, and without compress- 
ing the lips, the syllable will be ah. In this way we get^ and 
5, two of the labial consonants, as the effect to the ear is quite 
the same, whether the consonant be pronounced before or after 
the vowel. . 

If now, in place of the lips, we stop the sound with the 
tongue, by causing it to strike the palate, just behind the 
teeth, we get the sounds at and ad, that is, t and d, according 
as the closure has been effected tightly or softly. But if we 
use not the tip, but the middle of the tongue, so that it may 
rise up agunst the palate deeper in the mouth, we have the 
sound air, off; and still further back, if the modification be 
made at the top of the throat with the very root of the tongue, 
we shall hear the ch of the German preposition nach, the same 
as the closing sound of the Scotch loch^ or the Irish lou^h. 
This is a sound which Englishmen find some difficulty in 
forming. If now we go through the three positions already 
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indicated, viz., tlie lips, the tip of the tongue, and middle of 
the tongue, allowing, at the same time, the sound which is 
stopped in the mouth to continue through the nose, we shall 
liear am, an, and anff, or the three nasalSy m, n, and tip (as in 
^n^), the last being the nasal sound so much used by the 
French, whose language requires in so great a measure to be 
spoken through the nose. There are various other modifica- 
tions for pronouncing the other consonants, but ail explicable 
on a similar principle; we shall only notice one more: viz., 
that made by closing the lower lip against the upper teeth, 
which, as like the positions already mentioned, it may be done 
in two ways, gives us two sounds afaxid (w^ or the consonants 
/and V, From principles such as these Dr. Amott has been 
led to a consideration of the best mode of treating stuttering, 
lisping, and other deficiencies in the use of the vocal oi^nff, 
^md has laid down some rules equally philosophical and simple^ 
by a proper attention to which, it seems more than probable 
that any intelligent person would be able to cure himself. ^^ A 
lisping person, for instance, is cured at once, by being told that 
the tongue must not touch the teeth in pronouncing the letter 
8; and a Frenchman, who deems it impossible for him to pron 
nounce the Englbh sound of th, discoveris that he cannot avoid 
doing so, if he rests his tongue softly against his teeth, when 
opened a little, and then forces breath or sound to pass between 
the tongue and teeth." 

We promised a few words respecting sighing, coughing, 
yawning, &c. : they are all only different modes of respiration. 
When a person becomes occupied with some absorbing re- 
flection, as when one sits overwhelmed with silent grief for the 
loss of a dearly-loved friend, the entire attention is devoted to 
the image with which the mind is occupied, the appeals made 
by the organs of sense to the brain are unnoticed, and foreign 
objects pass disregarded; even the vital functions seem to sym^ 
pathize with the general concentration, and suffer their action, 
as it were, to flag, or be imperfectly performed. The lungs 
rise less frequently in respiration, because the intercostal mus^ 
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cles and diiqihragm, which should expand the ehest, saff^ 
interYiik to ehipfle hetween each performance of their office. 
In conaeqiienoe the hlood is lees rapdly aerated, and less eomty 
paased through the Innga: it hegins to stagnate and collect in 
the right side of the heart, to which it is letnmed as nBoal 
fcom the hody; the right auricle and yentriele are clogged and 
OTerladen, there is a feeling of heavu&esB and oppression, wdl 
tenned ^the McknssB of the heart," which increases until the 
anxiety and distress hecome so painful as to attract aitenti<Hi; 
the yital system seems, thmi, to he sensible of what is wrong, 
a mgh, thai is, a deep inspiration, is made, the efiect of which 
is to expand the lungs and take in a laige quantity of fiesih 
air; the increased size of the lungs permits the lafoouiing heart 
to rid itself of its superabundant quantity of blood, which the 
huge supply of air serres at the same moment to purify, so 
that we perceiYe a d^ree of physiological accuracy in the no- 
relist's description, *^ his heart was ready to burst, when a sue- 
cesenon of deep sighs appeared to afford him some relief." A 
eigfa carried to the deepest, and accompanied during expiraiian 
with a slow vibratory motion of the vocal cords, constitutes a 
groan. Sobbing also would appear to be but a modification of 
the same action, in which the full, deep inspiration, is broken 
into a number of sucoessiye short in^irations by a catch, whieli 
in weak nervous people is apt to become convulsive or hyste* 
rical, in the descent of the diaphragm. 

Yawning is, in the mechanical part of its execution, ex* 
tremely similar to the abov^ except that the expiration is ge- 
nerally as long and slow as the inspiration, and often aooom* 
panied with a angular roiee. It seems generally consequcBt 
on a &tigued state of the nmsdes of the body, in which the 
muscles of respiration share, and thus performing their woili^ 
as it wero, imperfectly, are at times obliged to take in an extra 
supply, for which purpose the mouth gapes, and the jaws an 
separated widely, so as to admit as much air as possible. 
During sleep, rei^iiatioQ is also slower, so that upon waking 
most animals yawn and stretch themselves, as if to awake all 
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titeir nrasdes to the proper tone for renewed action during the 
daj. Aeoording to Bioherand the crowing of the cock and 
filling of hia winga are intended to serve this purpose; he 
adda^ that the oonoerta with which the trihes of singing-birda 
fill our groyea at auniise, have their origin in the same caaae^ 
though he forgets to say whether their evening song is to he 
considered as yawning before they go to bed, 

A cough 18 a sadden and forcible expiration, the object of 
which is to cause a rapid current of air firom the lungs along 
the windpipe, which is^ at the same moment, contracted by 
the small muscles which lie along its hinder part, so that the 
mr, rushing with force through a narrow passage, may bring 
along with it any superfluous quantity of mucus or any foreig^B 
matter which may have come in contact with the fine linLqg 
membrane, and so have excited irritation. This is the reasoa 
why people cough after having, as it is usually germed, caught 
cM, The effect of cold directed, as most frequently happens^ 
on the sensitive membrane which lines the nostrils and air- 
passages^ is to produce an afflux of blood to this part, in con- 
sequence of which the glands with which it is supplied form a 
laiger quaiKtity than usual of thdr proper mucous secretion; 
tUa would in a short time accumulate, so as to impede the 
passage of air, did we not remove it from the nostrils by blow- 
ing, that is, by dosing the mouth, and so causing all the ex* 
fired air to paas through them, and from the windpipe by 
eovghing, the mechamam of which we have already noticed* 
Sneezing differs very little fr<«i coughing, except that it is 
genemily more violent, and the air is, as in blowing, directed 
alnost entirely through the nose, the object gen«Hdly being to 
duUodge tookt offending substance &om its intocnal and veiy 
eeusitive surfiioe. 

In laughter a £iil| inspiration is succeeded by a number of 
abort expirations, each interrupted, as it were, by a partial 
doRire of the glottis^ accompanied with the production of 
Toioe. It is laid dowii by Soemmering, that a moderate laugh 
m^ be, under certain cireumatances, advantageous to one's 
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^ealtll--^'qi^ intra ideiii tempiu^ quo'aHas-naDain-Bemel je- 
'Spiiftintrt, plares inspitfationiM et cacptniioMu ine¥iMRxi:ro|i«ii!- 
'iiiiis; ideoqne inaignkTi con^paaflBiiiione — ^gp^^* in dbdomuie 
'dtcnlafiotteni ptomovemnB ;" beeftiue wHhin the aBme period in 
which we should otiierwise have made hat one nespiration, wv 
how make many shorter in^iiationa and expintionfly in eonae^ 
qnence of which we assist tiie ahdominal ciicolation hy glTing 
a shake to the blood. It is pleasant to find so philosophical an 
explanation of the common ptoverb ^ Langh and be £M;»" 
Men, we aie told, generally laugh with the Towel sound «ta or 
c ; women with that of a (fate) or e^. A l<»]g*continned 
langh, as it xntenropts leguhur breathing, will eanse the afflvs 
of blood to the head, so that we shall see a person dniiog a 
hearty fit get red in the £ace, while the nnnsoal quantity sent 
- to the lacrynud glands stimulates them to the perf<»nianfse. of 
their function, and, under such circumstances, tiie eyes fiqst 
water, and then tears trickle down the cheeks^ in which ease 
a man is said ^ to laugh till he cries." The mode in which its 
physical causes, such as the titillation of the ends of certain 
nerres, produce laughter, is not well understood ; stall less can 
we explain how it should originate in mental emotions. In 
some states of the constitution, generally such as are aeoompar 
Hied by nervous debility, laughter occurs without any of its 
ordinary exdling causes, and even without being, within, Ike 
control of the will ; this we know to occur in that dass of dis^ 
eases termed hysterical. In infemts, also, the retraction of the 
comers of the lips, and other muscular actions, which usnaUy 
accompany laughter, are, at times, the consequence of impTCs- 
sions made on different parts of their intestinal canal by wontts 
or other irritating causes, so that where the nurse or motito 
suppose the child to be expresedng feelings of comfort or plea- 
sure by a smile, the physiologist will often behold a slight 
oonyulsire twitching at the commencement of the alimentory 
cima], indicatire of irritation which is taking , plaoe wkh&n; 
Crying commences with a deep inspiration, followed- by shofert 
it(terrttptcd"6xpirations, which sometimes agitate the.whkde 
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t^efit^togeiiiwFxwIi&'ithejhead. and- abdomen ; expirations and 
itispiiatioaM conltmue oco<Kinpanied< hy more or less naise^ nntU 
'sA^lengtli it> tennaitaiMa in a fiiXL expinatiooj, followed by a deep 
infipiiation^ tiiaij is^ a sob or sigh. Childzien are often observed 
'to cry in a eertain tone a&d measure*' Tbre physical effects of 
oryii^aiestated by Soemmering to be nearly the same as those 
'0i laughter^ thoxtgh tihe moral causes with which it is gene^ 
rally connected, such as grief, anguish, &c., being of a depress- 
ing kind, must exercise a prejudicial influence. There is not^ 
howeTer, the same danger from excessive crying as £rom exces- 
i»ve laughter ; cases are on record of persons having suddenly 
^ed from the latter, but none of such on unfortunate result to 
ithe former. 

The mere pouring out of tears is not crying, as the mere con- 
traction of the muscles about the lips is not laughter. It may, 
dd we have shown respecting laughter, take place from causes 
>m:erely physical, and with which there is no mental suffering 
Mx^nnected. A determination of blood to the head, even where 
the individnal may not be immediately sensible of any inoon- 
^i^enience from it, may so stimulate the lacrymal glands, that 
' An effusion of tears may be the consequence ; and we have 
^^lirselves more than once seen this involuntary weeping occur 
-tea preUminary symptom to apoplexy. Dust, or irritating 
'ttatters entering the eye, may also be the cause of an efifiision 
of' tears, the object of which, in this case, is to dilute, dissolve, 
••r wash away the offending substance. . The wisdom of this 
eoiitiivanoe is fully exemplified in some cases, in which the 
neire supplying the surface of the eye with sensibility has 
. been divided,. and so the sensibility lost. It is. to be obseiTed 
"tiiatthis sensibility is totally distinct &om .the power of see- 
- iing, which, as we shall explain in a subsequent chapter, he* 
longs not to the sur&oe, but to a nerve situated in the deep 
<pa»taof the eye, or rather to the part of the braui with which 
.itfaoB nerve communicates. When the sensibility, however, of 
J 4h& s^rfitoe is lost> notice is no longer given of the presence of 
'^oflfaading subataaces, the lacrymal gland is not stimulated to a 
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due perfonnance of its ofi^ce, they are allowed to remaio, until 
by ilieir piesenco they cause iziitation, inflammfttioD, and 
ukeratiou of the coraea^ which, in its tuzn, beoonung opa^ue^ 
stops the acceaa of light, or, being eaten through, aLLowa tba 
intenial humouis to escape, and so the individual becomos 
completely and penoanently blind. On how many appar^itly 
trifling adjustments does our happiness, our comfort^ nay, oar 
▼eiy life, depend 1 



Chafteb X. 
THE NERVOUS SYSTEM, 



In no daw of created beings^ except in animals, do we find a 
iiyatem appointed for the perception of external impre88ii»i% 
and the communication to certain instruments of motion, of an 
internal impulse to action. Such a system is the nerroqa. 
By it we gain all our knowledge of the world that suznmnda 
na; by it, modified and assisted by certain arzangementa ob^ 
aenrable in the osgana of the senses^ we see, hear, smidl, tasts^ 
feel ; by it we are made aware of the presence of such objeolB 
as are usefiil and agreeable, or, on the contrary, ixguiioua and 
deatructiye ; and, finally, by it we so direct our mothe powers^ 
oondsting of muscles, tendons, bones, &a, that we may ap- 
proach the one, or avoid the other. It ia thoa in direct a^d 
necessary connexion with the developement of the muaookff 
qrstem. To what use the power of seeing the approaoh id 
dagger, if we were unable to fly firom it; to what use the 
power of flying, if not directed by a perception of what was to 
be avoided i It is thus that, as the power of changing plaeo 
becomes less and less in the lower order of animals, the nervona 
system becomes more and more imperfect, till in the zoophytes^ 
which stand, as it were, on the verge of the vegetable king<» 
dom, and spend thttr lives attached to the spot where they 
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had their onginy the body jHresents an unifovm pulpy appeal^ 
anoe, from which muacles and nerves seem equally banished. 
By careftd examination with a microscope^ Spix conceived he 
made out certain nervons fibres in these animals, and, after 
some examination, De Blainville seems to allow Spix's dis* 
coveiy; but, whether they do or do not existj^ it is evident 
from the doubtfiil way in which they are described, and the 
pains that must be used to find them, that they are extremely 
obscure, and barely sufficient to maintain the last faint shade 
•of sensibility. It is, therefore, in the higher order of animals 
that we must look for the clearest devdopement of this system, 
and, considering it as a whole, in none will it be found so per- 
fect as in man. Hitherto, however, anatomy has fiuled to 
ascertain any particular part superadded to the rest, and so 
distinct, that we could point to it as the clearly definitive 
mark between man and all other animals. Scemmering, 
indeed, points out no less than fifteen anatomical peculiaritieB 
in the human brain, but they are rather in the complexity of 
organization and fulness of developement of certain parts, than 
in anything clearly additionaL BfJessrs. Gall and Spurzheim, 
to whom we shall have occasion frequently to refer, [and to 
whom the anatomy of this organ owes much, do not, however, 
appear to have shown (abstractedly from their peculiar doo 
trines) anything very satisfiictory on this point. 

The nervous system, as viewed in the higher order of 
animals, consists of four parts; the brain, spinal marrow, 
nerves, and sympathetic, or ganglionic system. In former 
times it was usual to speak of the brain as the root, the spinal 
marrow as the trunk, and the nerves as the branches springing 
from it. This order is now nearly reversed : in examining the 
formation of the fistus, the spinal marrow is found to exist 
before the brain, and in tracing down the chain of animals this 
latter is found wanting, where nerves and ganglia still exist*. 

^« Am being the most faeUe way of aooounting for tbe deyek^Mment of the 
hnman embryo, It was first assmned that each oigan pw-esdsted in all its comr 
pleadty, although i noonoeiTably minute, derelopemeat being only aeovBtlon ; the 
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Now the matter out of which all the nervous system is formed 
would seem to be but of two kinds, the one soft, pulpy, and 
grayish, or rather of a light-brown colour, abundantly supplied 
with vessels, but exhibiting scarcely any traces of organization, 
appearing under the microscope to be formed of an inmiense 
collection of extremely minute globules, held together, as 
some say, by a fine transparent mucus ; the other white, firmer, 
and denser in structure, and assuming in many places the 
appearance of fibres, of which, indeed, Grail and Spurzheim say 
it is all composed. These two parts are not mixed together 
indiscriminately in the formation of the brain, but are always 
found to presen'e an uniform arrangement, being in some places 
quite distinct, in others occupying alternate layers, so as when 
cut through to give a striated appearance. From the inmiense 
quantity of blood sent to the gray matter, it was by many con- 
sidered as a secreting organ ; and those who believed that 
nervous influence took place by means of a subtile fluid, held 
that that fluid was formed here. With them the white part 
was a collection of filaments, which were nothing more than 
very fine hair-like tubes, through which the fluid passed ; the 
nerves were composed of a certain nilmber of tubes issuing 
from the brun, and surrounded with an envelope of cellular 
structure, and the spinal marrow itself was nothing more than 
a larger collection of the same kind. Of course this theory is 
totally disproved by the £acts we have already mentioned, as 
to the order in which the parts are formed, and which M. 
Serres has traced into the general law, that developement takes 
place from the circumference towards the centre ; but, inde- 

microBOope, bowever, refused to support this position by a ringle fact. An 
analogy taken from the vegetable kingdom formed the second aera of error upovi 
this point ; the embryo was a seed, each organ germinating ihnn a fixed poin^— 
the vessels from the heart— the nerves from the brain, Sec, but observation 
failed in supporting this case also. The most recent theory is the reverse of its 
predecessor ; instead of a centrifugal developement, that is, taking place from a 
centre towards a circumference, it is now considered to be centripetal, or ftom 
the circumference to the centre. Although this is not a literal expression of tl|e 
facts, yet it may be considered to hold good in (he maia, especially as ^egaxds 
the nervous qrstem.] 



pe|i4e|^tly of tljis, they. ney«r were able to show by anat9;Day 
that the nerves! were ao formed, or that they did contain any 
fluid. 

The view taken by Dr. GaU, and more folly confirmed by 
the researches of Reil, is that now more generally adopted. 
Observmg that the white filaments can always be traced at 
either end to a ganglion, or collection of this gray matter, 
observing also that such ganglia occur occasionally, in the 
course of the nerves, which are all white, or, at the miion of 
several filaments of nerves, termed pUxWy and that after 
passing through such ganglia, the nerves always issue with 
increased bulk, or more numerous filaments, he concluded that 
the organized white filaments or fibres were the working part 
pf the brain and nervous system generally, and that the gray 
m^ of unorganized globules was the *^ matrix of the medullary 
filaments," that is the source from which they derived their 
/origin, and through which they were supplied with nutriment. 
The brain of man is composed of these two kinds of matter, 
enveloped by certain membranous coverings, and supplied with 
blood by the internal carotid, the vertebral, and. some smaller 
arteries. It is placed in the cavity of the skull, which it fills, 
and an idea of its size may be got by any one passing his hand 
across the upper part of his eyes, thence along the ear, just 
over its external opening, then along the neck, just where it 
becomes united with the head, and so round by the other ear 
t9 the eyes again. All the space above this line may be said 
i/fi be occupied by the brain. It will be observed that this line 
eutnks considerably deeper behind than before, and the lower 
part behind, being differently formed from the rest, of a 
,4ifferent structure, and separated from it, except at the root, 
hj a strong reflection of the enveloping membranes, is generally 
, distinguished from it, the anterior and upper parts being called 
tii» eerdnimy or bredn proper, while this is termed cerebeUiimy 
or little brain. This will at once be understood from the 
'Hceompanying cut. 
' This 1)3 the first division of the brain; but the cerebrum is 
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fintber divided, hy means of • deep lonj^tndhial fbmw, 
rmmiiig its whole length, and sepaiatuig it into two ptut^ 



called hemitphertf. The diTision is made hj the ttromg pro 
tooting membrane, called the Atra mattr, coming from each 
ffid^ and being reflected down liong the -central line, eo at to 
eepante tlie bemi«pherea to a depth of about an indi and k 
hait Thit dura aiat«r is placed like » rtnnig tbeatli to en- 
T^ope and tnippgrt the whole brain ; it ie inmiediatelj in oeo> 
taet with the inside of the sktdl, but between it and the hnia 
is placed a mnch finer memlnwie, «aUed the fim mater, whioh 
eorelopee ererj part,and ofFordsa paaa^totkamimtoTeHA 
1^ whioti Hu intarior enbatance i« Bcwubed, Behmaatfaa 
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folds of the dura maur^ dipping down to £orm the diviflion rre 
h&re mentioned, is left a cavity, tenned sinua, into which the 
reins of each hemisphere discharge their blood. The course 
of this ranns any person may trace, by laying his finger in the 
centre of the highest part of his forehead, then carrying it hack 
in a straight line along the centre of his head, nntil he comes 
behindnear his neck toahard bony protubenoace; so &r he has 
exactly tra^d the conrse of the sinns, and of the blood in it» 
Bntr jnst at this point it is joined by other vessels bringing 
blood from the deeper parts of the brain, and the quantity col- 
lected is so great, that it would be inconvenient that it should 
any longer continue in one channeL At this point, therefivn^ 
it divides ; and if, placing a second finger by the side of the 
firat, he draws one towards the hinder and lower part of each 
ear, he will be still tracing the course of the blood now con* 
tained in a sinnts for each side, formed by a second reflection of 
the dura makr, which, as we before said, divides here the 
cerebrum from the cerebellum, so that by observing this line we 
are farther enabled to pronounce that the former lies above^ 
and the latter below it. When the sinus has arrived at this 
point, it receives its last addition of blood brought from the 
deep parts in the front of the brain, and turning down through 
a hole in the skull, it discharges itself into the great jugular 
vein, which commencing just here at each side^ conveys the 
blood down the neck, and finally pours it into the heart. 

The hemispheres thus divided, correspond very nearly with 
one another. In general a little di£ferenee in point of size is 
observable, the preponderance being most frequentlyji though 
not always, in &vour of the right. Theix surface, as seen in 
the above cut^ is marked by a great nimiber of eminences, 
xounded on the edges, and winding into one another. These 
are termed the eanioohsUons of the brain, whilst the depressions 
by which they are separated are called anJraeSuosiHeSf or frir- 
zows. The number and size of the oonvolutions vary exceed* 
ii^ly, aadare seldom found the same in the two lobes: they are 
flometuues very Luge, sometimes very small, in individuals of 



the aame age; in genenil they ore small in fietnsefl ud new- 
born children. The furrowH are equally TBiiable, ninning in 
bU directions, sometimes simple, sometimes subdivided, some- 
times very long, eometimea veiy short. They generally pene- 
trate the brmn lo the depth of abont an inch, and so &c of 
course the convolutions can be Beparated from one another. 
Theae convolutions Gall and Spnrzheim conuder as the organs 
of the different &culties and sentimenta of the mind ; we mnst, 
therefore, inquire a little more closely into their stmcture. 

Spnrzheim made a section of a brain fivm &ont to rear, 
and continning it down tbrough the upper part of the spinal 
marrow, produced the appearance in onr next plate. Here we 
should first observe the fibres /, Biwog from the anterior part 
of the spinal marrow, which also contains gray matter for 
their nutriment. These fibres passing through the part p, 
termed ttaeporw Varolii (from its uniting the two sides of the 
tertbeUam like a bridge, and having been particularly described 
by Varoliua), direct themselves upwards, tuid after being rein- 
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forced "by passing througli two successive collections of gray 
matter, i and «, which Gall calls the inferior and superior gan- 
glia of the hrain, they finally spread out, as we see, in the con- 
volutions, uniformly capped, or surrounded, by further layers 
of gray matter, which, from its always being found on the sur- 
face of the brain, has acquired the name of cortical*. But 
there is a second series of white fibres, which arising, as it 
"would appear, from this cortical substance, and directing them- 
selves towards the centre, form what are called commissures, by 
means of which the several parts of the bnun are, as it were 
connected into one whole, and concord between their fimctions 
ensured. Such is a sketch, necessarily very imperfect, of the 
fitnicture of the oerdn-um, as evinced by the researches of Gall 
and Spurzheim, as well as of other anatomists, who having no 
theory to support, are, therefore, most trustworthy. 

The cercbeUumy b, seems not to have been so easily or so per- 
fectly described. However, as seen in our plate, they connect 
this with the posterior fibres of the spinal marrow, i», which,, 
at this part, fonn rope-shaped bodies, thence termed corpora 
restiformtaf. These they trace into the centre of each hemi- 
sphere of the cerebellum, and there find them terminating in a 
nudeuSy or ganglion of gray matter, n. From this white fila- 
ments are seen to branch out on every side, covered, as in tho 
cerebrum, by gray cortical substance, from which arrangement 
there results the peculiar appearance we have figured, and 
-which is usually denominated of^or vitce. The cereMhtm has. 
also its converging fibres, and these, it would appear, constitute 
-the etKtemal transverse layer of the ponSy which must be re- 
moved or cut through, befi)re the deeper fibres, runnii^ fixnoi 
the anterior part of the spinal marrow to fonn the convolutions 
of the brain, can be shown. That the pons is so formed, is 
further shown by its being deficient in fishes and reptiles, 
-where the cerebellum has no lateral hemispheres, consisting 
solely of the central part. 

* "From cortex, \>ark^ f Fran rertir, a jro|^ 



In the central part of each hemisphere of the eei^ebhimy is 
found a cavity lined by serous membrane. These oarities are 
termed ventricles ; during health their sides are closely laid 
together, so that, in fact, no cavity can be said to exist in such 
cases^ but as the serous membrane which lines the abdomen 
may, by an increased exhalation from its surface, give rise to 
dropsy, so the serous lining of the ventricles may, if its exha- 
lation is greater than its absorption, give rise to an accumnla- 
tion of water in these cavities, constituting the formidable dis- 
ease termed hydrocephalus, or water on the brain. Another of 
these cavities is to be found at the top of the spinal marzow, 
or just where its bundles of fibres are said to separate, the an- 
terior to pass to the cerebrum, the posterior to the cerebellom. 
Above, and a little in front of this cavity, is placed the cele- 
brated pineal gland, which Des Cartes chose to make the seat 
of the soul. It is a little round body, about the size of a pea, 
formed of gray matter, and covered, with the pia mater, which 
we have before mentioned as the internal membrane covering 
the brain. It is very singular that this little body is constantly 
found, after a certain age, to contain fine gritty particles^ ap- 
pearing like siliceous sand. The use of the body is unknown ; 
^et, from its situation, there seems little doubt that it must be 
of importance, as we find two white cords, like nerves, running 
from it, and forming direct communication with the inferior 
^nglion of the brain, and with the great central commissure, 
by which the two hemispheres of the cerebrum are connected. 
Prom this point the spinal marrow may be traced down into 
the canal formed for its reception, along all the bones of the 
spine ; and, in its passage along here, it g^ves out a pair of 
nerves at every interval left by the vertebrae. 

The general appearance of the spinal marrow is that of font 
thick nervous columns or rods, placed together so as to make 
but one column. The depressions, however, are still evident, 
and the columns are spoken of as two anterior and two poBtei> 
rior. A change in the position of the gray matter is also ob* 
servable here, for it is no longer placed on the sur&ce, as in the 



brain, but is entirely confined to the centre, ao tbat a hormmta 
cut, carried through tha spiiial marrow, woold give this apn 
pearange. Xhe indentation at the anterior 
&oe a, is much the deepest and moat dis- 
tinct. That on the posterior iace,^, is abo 
sufficiently marked, ao that the division of 
the colnmn, by a line from front to rear, b ^ 

sufficiently obvioue. The lateral groovea, I, I, are by no means 
ao plain, indeed they are seldom to be aeen, and we have repre- 
sented a dight indentation there, rather to keep up, in the 
reader'a mind, a recollection of the distinction which exists 
between the anterior and posterior columns, than as expresaing 
aoythiog our own diasections have ever shown ua. The exist- 
ence of this distiijcUon will be made more evident when we 
oome to speak of the functions performed by the nerves de- 
lired from these parts. In the centre of onr plan ia seen the 
gray matter, while that by which it ia aiurounded, and from 
which the nerves seem more immediately to take their origin, 
ia white. At its upper part, just 
where it unites with the brun, the 
spinal maiTow becomes more ctnnplex. 
It no longer conusta merely of four 
rods or columns ; other parts seem to 
be interposed between them, as we 
hare represented ; and as thoae parts 
increase, so do the nerves arising from 
them perform more various of&ces. 
Tliia part of the column is not per- 
fectly tpiTUti: it lies within the skull, 
gives origin to many of the nerves of 
the head, and those which direct the Medulla Obion^i*. 
action of some important internal parts, such as the lungs and . 
stomach ; and ita diviMon close to this point is cerbunlj and 
intmed lately fatal. At the other extremity, the spinal marrn^ 
extends as tar as the loins, and there terminates by opening 
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out into a great quantity of nervous cords, 'vdience spring tlie 
nerres of the lower extremities. 

The spinal marrow is protected, in its case, by an external 
sheath of firm fibrous structure, continuous with the durtf' 
mater of the brain. This m^nbrane, after lining the skull 
and giving sheaths to the several nerves passing out, descends 
into the cavity of the spinal column in something of a funnel- 
shape, continuing to line it all through, and connected with 
the bones by means of a loose cellular structure. The spinal 
marrow is more closely embraced by another and much finer 
membrane, which is analogous to the pia mater of the brain^ 
though Cloquet confines this membrane to the skull, and con- 
siders the 8ec(md envelope of the spinal marrow as continuous 
with the araehtund membrane of the brain. This is a third 
membrane, placed on the brain between the other two, par- 
taking of the nature of a sen>us sac, and by one of its surfiicea 
lining the interior of the dura matery while the other rests on 
the pia mater y over the whole suifiice of the brain, but does 
not slip down with it into iisjurrows and anfraetuosiiies* In 
the spinal canal, one of its surfiices embraces closdy the q>inal 
marrow and the <Higin of the nerves, while the other lines the 
external fibrous flheath, so as to make its internal sur&ce 
smooth and polished, allowing hee motion in the different 
positions of the spine. Having thus got an idea of the brain 
and spinal marrow, the central parts of the nervous system, 
let us next proceed to consider their functions. 

The intricacy of the human mind, as an object of study, 
must have been felt by [all who, either as readers or writers, 
have been engaged in metaphysical disquisitions ; the intricacy 
of the final structure of the human brain, and the next to im- 
possibiUty of unravellmg its windings and tiadng tiie course of 
its' fibres, have long been acknowledged by the most skilful 
anatomists who have attempted the task. What shall we 
think, then, of those who, aasnming both in their highest state 
of complexity,— 'the mind of man in civilized life, moulded by 
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external circumstances^ and altered bj an artificial system of 
education, its best feelings perhaps repressed, its whole bias 
changed ; and the brain of the adult man, the most perfect in 
structure, the best developed in parts, the most inextricable in 
arrangement, containing in itself all that is to be found in the 
brain of other animals; and then placing these two, as it were, 
side by side, should endeavour to explain the phenomena of the 
one by the texture of the other; connecting what was un- 
known in the spiritual power with what was equally unknown 
in its corporeal oigani We should surely consider they were 
adopting a most imlikely way to throw any light upon either; 
yet such has been the mode of examining the brain and mind 
until almost the present day. But an entire change has taken 
place, and though it has not yet been sufficiently matured to 
show the fall advantages which may arise £rom it, yet much 
is done when the true way is once pointed out, and the results 
already obtained hold out abundant prospect of much foture 
good. 

The chemist, when he gets a compound body with various 
qualities, may be required to determine how far such qualities 
are attached to the individual component parts. He will care- 
fully firee such body from all matters foreign to its proper con- 
stitution, he will remove all external disturbing forces, he wiU 
decompose the body into its simplest elements, acquaint him- 
self fully with the nature and properties of each of those, re- 
unite them in different proportions, or with the omission of 
one or more, and then be able decidedly to answer how far any 
quality may have depended on any component part, or how 
£ir it may have resulted from the nature of the whole com^ 
pound. This, however, is a privilege not within reach of 
the phymologist. He cannot separate the brain into organs, if 
it really be composed of such, and observe the functions and 
office of each ; he cannot dissect out one of those organs, and 
observe whether a corresponding faculty be removed. Even 
Chill and Spurzheim, who have mapped out the brain into 
twenty-four or thirty-five regions, and assigned to each th9 
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performance of some intellectual duty or passion, have never 
attempted to show how deep one of these oigans can be said to 
.go, and by what means they infer diversity where anatomy 
only shows us the most intricate and inseparable connexions. 
An analysis of this organ, then, is beyond our reach ; but to a 
certain extent it has been performed for us by the hand of 
nature. There are two modes in which it may be observed ; 
either altogether in the human subject, by conmiencing with 
the earliest appearance of a nervous fabric in the foetus of a few 
weeks old, and watching the gradual addition or developement 
of parts until its perfect state is arrived at; or by tracing it 
through the different vertebrated families of the animal king- 
dom, from the first fiunt representative of a brain afforded by 
the scanty medullary masses that appear in the skull of a ray, 
merely composed, as it were, of the enlarged origins of the nerve^ 
up to the brdn of man, in which these origins, chiefly confined 
to the upper part of the spinal man*ow (medulla dblongatck), 
bear no relation to the great bulk of the cerebral lobes, which 
seem to have no direct connexion with the organs of sense, but 
to be entirely employed in performing the functions of what 
we call mind. Our principal guides, in this very interesting 
analytical observation, are Soenmiering, Tiedemann, Keil, Gall 
and Spurzheim, Desmoulins and Magendie, and Serres. We 
shall endeavour to explain a few of their views. 

[It is said, and, as an abstract truth, the same holds good, 
that all differences in animal organization are embraced by one 
law, and included in the same formula ; and to this we have 
already alluded, when speaking of cellular tissue. It is said 
that lower animals are, as it were, the permanenC emhuyos of 
animals higher in the scale of life ; while, " reciprocally, the 
superior beings, before they arrive at the definite forms which 
characterize them, transitorily offer those of the lower ani- 
mals ;" and this is the compass that will guide us in our pre- 
sent investigation. The method of acquiring a knowledge of 
the organization of the more complex animals has been too 
analytical ; we have been called to view the finished master- 
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pi^ce of js^f ^he most i^t^iQate^ of all structures^ and have not 
only, att^nipted to unfold e^h tissue, and unravel every fibre, 
but liave expected thus to ilnd the principle of the whole ; sA 
if nature had hidden her secret in the most tangled warp <tf 
this material frame : what wonder then if we lost the path of 
oux inquiry in the labyrinth of the brain ? If we wished to 
acquire a knowledge of the mechanism of a watch, confident in 
our own powers of observation, and stimulated by curiosity, 
our first impulse might be to pull one to pieces for ourselves ; 
but, broken works and confused ideas could be the only fruit 
of our impatience : experience would soon send us to some 
skilful artist, who would teach us the form and adaptation' of 
each separate part ; and thus we should be enabled to compre- 
hend the principle of the connected whole. And so it is with 
living forms, only, with this advantage, — ^the embryo-life of a 
given animal is, as it were, the index-map— the type— of all 
beneath that animal in the scale of living beings. The student 
lias thus two great schools, in both of which the same method 
of study is observed. He may trace any organ of our frame 
&om its simplest form in the lowest animal in which it has 
been observed, marking the addition of each fresh part, accord- 
ing to the necessities of the individual, tiU he comes to study 
its final and most perfect form in man ; or else, he may trace 
the gradual developement of the same organ in the human 
foetus. Nature starts from the same fixed point in both of 
these her courses ; advancing from the most simple to the most 
complex, superadding part to part, she builds up the synthesis 
. of life ; and this is the synthesis of study which is rapidly 
. advancing in all the higher schools of natural science, and is 
t|iat which we propose to follow in our present investigation of 
' the nervous system of man.] 

Examined at the earliest period that it is cognizable to the 

senses, the human brain appears a simple fold of nervous 

, matter, with difficulty distinguishable into three parts, while 

^ little tail-like prolongation towards the hinder parts, and 

. "whiph had been the first to appear, is the only representation 
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of a spinal marrow. Now ia this state it perfectly resembles 

the brain of an adult fish, thus assuming, in troMiiu, the fona 

that in the fish is permanent. In a short time, however, the 

structure is become more complex, the parts more f>iftt'Tu4, the 

flfiinal marrow better marked ; it is now the brain of a reptile. 

The change continues; by a wngwlar motion, certain parts 

{corpora quadriffomna)y which had hitherto appeared on the 

upper surface, now pass towards the lower ; the f(nmer is their 

permanent situation in fishes and reptiles, the latter in birds 

asnd mammftlia. This is another adyance in the scal^ but 

more remains yet to be done. The complication of the organ 

increases; cavities, termed wniriekSy are formed, which do 

not exist in either fishes^ reptiles, or birds ; curiously-organized 

rts, such as the corpora itriakt or superior tubercles of the 

cerehrumy are added ; it is now the brain of the mammalia. 

Its last and final change alone seems wanting ; that which shall 

render it the brain of max« We thus see that man, considered 

merely as an animal, is, by his organization, superior to every 

other being ; and that, in the growth of a single individual. 

Nature exhausts, as it were, the structure of all oth» animab 

b^ore she arrives at this her chef-d'cguwe. But we have not 

yet done with the human brain. In addition to the above 

&ets» for which we are chiefly indebted to Tiedemami, M. Senea 

has made the still more singular observation, that in ths 

advance towards the perfect brain of the Caucasian, or hig^Mst 

variety of the human species, this organ not only goes through 

the animal transmigrations we have mentioned, but suoees* 

sively represents the characters with which it is found in the 

Negro, Malay, American, and Mongolian nations. Nay, fur* 

ther, the &ce partakes in these alterations. Amongst the 

earliest points in which ossification commences are the jaws. • 

Their bones are, consequently, completed sooner than the other 

bones of the head, and so acquire a predominance which, as is 

well known, they never lose in the Negro. 

During the soft pliant state of the bones of the skull, the 
oblong form which they naturally assume approaches nearity 
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the pennanent shape of the Americans. At birth, the flat- 
tened face and broad smooth forehead of the in&nt, the position 
of the eyes rather towards the side of the head, and the 
widened space between, represent the Mongolian form ; while 
it is only as the child advances towards maturity, that the oval 
£eu3e, the arched forehead, and the marked features of the true 
Caacaslan become perfectly developed. 

Now associated with these progressive stages of the brain 
and head, there would seem to be a certain proportionate de- 
velopement of innate faculties. Thus, as a general rule, the 
reptile, in its habits and mode of life, exhibits a higher degree 
of instinct than a fish, a bird than a reptile, a mammiferous 
animal than a bird ; while at the head of all is man, who not 
only excels the rest in extent of intellect, but by the super- 
addition of the moral and religious feelings which he alone 
seems to enjoy. We must carefully guard ourselves here 
against being supposed to assert an unifi^rm predominance, 
either in quantity of brain or developement of &culties, of every 
member of one class over every member of another ; an ele- 
phant may have more brains than a man, or a canary bird 
show more docility than a sloth; still less do we mean to 
maintain the old ideas of a regular gradation or uninterrupted 
dain, according to which all animals could be arranged so as 
to show their relative connexions, and mark their reciprocal 
superiority. No; Cuvier has shown the impiaeticability of 
such a scheme ; he has shown that the lines which the diffe- 
T«kt classes form, must sometimes be considered as not sacees- 
ave, but parallel ; that the beginning of one may extend oon- 
fliderably above the termination of the preceding. Our rvle, 
therefore, though generally correct, must be taken as admitting 
of exceptions. Now considering the state of the human brtnn 
also, we find certain progressions. It is, at first, secreted as 
an almost fluid pap, in which there is scarcely any appearance 
of organization. Parts contiaue to be added, as we have seen, 
ocmvolutions appear in the sixth month of foetal life, and even 
after birth changes take place, for the necessary completion of 



<&dB 



NHBTOUS 'STStrBtf. 



l^hieh ^e know the Bkoll remains for some time nncloaod*. 
Buring* aU itm time, too, new femUm are appearing, new 
powers- dereloping themselves; it was, tkerefare^ sufficiently 
• natoral to attempt to connect the one with the other, and to 
suppose that the mind might be estimated by the brain. 
- Other fiicts tended to support this idea« Perception evidently 
took place in the bxain. Cut the nerve leading from the eye, 
and there is no longer p^Eception of light, though the eye, as 
an optical instrument, is as perfect as ever. The rays of light 

[* The following diagram may asiiBt the reader in formiog a more lucid idea 
4it the opinions of Cavler, and, indeed, of the facts of his science. 



21 









19 


20 






16 


17 


18 






12 


13 


14 


15 




7 


8 


9 


10 


11 


1 


2 


3 


4 


6 


6 



Let the flgnres 1, 2, 3, 4, 5, and 6, rsfnesent the derelopement of the digestive 
organs through the Taaloas classes of animals; 7» 8, 9, 10, 11, the gradual rise of 
the circulatory system in the same ; 12, 13, 14, 1ft, of the nexrous system, and so 
on : and let the columns of figures, read from below upwards, represent the 
various oaniwion of animals. We shall thus see, with Cuvier, how the animals 
themselves form no successive links of one great chain ; but rather paralUl 
columns, built up with the same material from the some level, and rising to 
different heights, according to the necessities of the whole 8up«*structure, as 
foreseen and provided for by the wisdom of the one Great Architect But, with 
3L Serres, we shall see that it is the organs that are mccettive in their develope- 
ments; the figures 12, 13, 14, 16, for instance, represent the successive additions 
of parts to the nervous system, traced either in the more permanent forms of each 
stage from animal to animal upwards, or from week to week, in the more rapid 
transitions of the same, in the gravid uterus of woman. Here, as elsewhere, 
false ideas are so interwoven with the forms of expression which we are com- 
pelled to use, that by seeming to prove too much, we fail to convince at all. It 
is not advanced that the embryo of a mammal, floating in the fluid o)f its womb. 
Is really a fish, or any other aquatic animal; but that the necessities and con- 
ditions are the same in both, and that the organization, too, is the same at first, 
—the fingers, for instance, of a human foetus are at one time toeMed,— and it is 
only in antioix>ation of future and more important wants, that such transient 
forms give way to those whioh we call permanent] 



'Tdl^8ttikte Oft llhe cornea, they will be brottght to a foctos by 
-the d^dtalline and other humours, they will be api^ed in tihe 
tisual manner to the sentient extremity of the optic nerve^ 
spread out as before in the bottom of the eye to receire them ; 
l)ut no perception follows, for the nerve is divided, and the 
impression cannot be conveyed to the brain. In the same way, 
if the nerve of sensation*, going to any part, be tied or divided, 
though the part be scratched, or braised, or cut, or burned, no 
pain is felt, fot the communication with the brain is inter- 
rupted. Again, if the nerve of motion*, going to a part, be 
cut, though any injury done to that part vnll be felt as acutely 
as before, and the tnsh to remove it from the offending sub- 
stance will be as strong as ever, yet the limb will not be re- 
moved. Why then is this^l The power to move the part 
exists ; for, if you send an electric shock along the nerves, the 
muscles will at once contract and produce motion ; we are con- 
scious that the toill also exists ; the reason, then, why the one 
does not excite the other, is, that they are placed at opposite 
ends of a chain that has been severed ; the chain is the nerve^ 
one end of it terminates in the muscUy there we know is the 
power of motion : the other end terminates in the bram, there, 
therefore, must be the will. Now volition and perception are 
two of the operations of the mind, and we have been distinctly 
able to show that their seat is in the brain. 

Other of the mental faculties have been also traced, though 
not so directly. Memory is seated in the brain; its loss is 
found to result from certain injuries to the brain. A Parisian 
beggar, who had lost part of his skull by a wound, used, for a 
snoall sum, to allow the silver plate by which it was replaced 
to be removed, and gentle pressure to be made on his brain. 
The invariable result was a loss of sense ; then, of conscious- 
ness ; his memory totally left him, he became lethargic : on 
removing the pressure, these symptoms all vanished. In 
apoplexy nearly the same thing occurs. A vessel, perhaps, is 

"* This division of the nerves, into nerves of sensation and nerves of motion, 
will be explained, when speaking of Sir Charles B^l's discoveries. 
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mptiured, and M.ood efiiised either Iqdi the substanoe or on the 
snrfiioe of the bnun. By this effusion pressuxe is made on. the 
hnin ; the patient &lls insensible^ and appears in a deep sleep. 
Relief is onlj obtained by a copious bleeding, which diminishes 
the quantity contained in the vessels, and such subsequent 
measoies as wiU pieyent too la^ a current being again sent 
to the bnun* likewise when, by a blow or fiJl, the sknH is 
£(actured, and part of it pressed in on the brain, insenaibility 
results, until the suigeon trephines the neighbourii^ part of 
the skull, insinuates an instrument by the opening he has thus 
made, and rdieres the l»ain by raising the depressed bone. 
From sach drcomstances we are inevitably led to one of two 
conclusions, dther the brain is the oigan of the mind, or the 
brain is itself the mind. The former is the doctrine of the 
immaterialists, or those who maintiain the existence of the soul 
as a separate jwinciple ; the latter of the materialirts, who con- 
<dude that perception, memory, judgment, &&, ore merely the 
productioDs of the brain, in the same manner as the bile is 
produced by the liver, the urine by the kidneys^ &c. Why 
we hold the former opinicm^ we shall proceed to state^ earnestly 
deprecating the introduction of personal feelings, asperity of 
language^ or imputation of motives, which can only serve to 
obscure truth, and add to the difficulties, already suffidentl j 
numerous, which must attend on such an inquiry. **The 
mind," aiys Locke, ^ is like the eye, which, while it enables 
us to perceive all other objects, takes no notice of itself and 
requires art and pains to set it at a distance, and make it the 
oljeet of its own contemplation.'' 

And fixsty how do we recognise any two objects as distinct ? 
For what reason do we conclude that chalk is not cheese^ <» 
skim-milk not ebony 1 These are points on which aU agree : 
4m what, then, is founded this universal assent to the difference 
of these bodies? Evidently on the fad that they possess dif- 
ferent properties. We know nothing of the essential nature of 
ebony or skim-milk, we never think of inquiring into it ; we 
see that the one is hard, blacky heavy, and solid ; the other 
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soft, white, light, and fluid, and we at once oome to the obvi- 
ous conclusion that they are diflerent bodies, without asking 
-what may be in each case the essence in which these piopertiea 
are inherent. Now apply this to mind and matter. We axe 
as ignorant of the essence of the <me as of the other ; but we 
recognise their exist^ioe by their properties. The piopertiea 
of body are bulk, weighty solidity, resistance, &e. ; of mind^ 
joy, hope, fear, belief, doubt. Sec. ; but weight is not beliei^ 
neither is solidity joy ; therefore, as skim-milk is Bot ebony^ 
so neither is mmd matter*. 

Secondly : — ^Physiology teaches us that the partides of all 
living bodies are in a constant state of change. SuppHed by 
the digestire oigans, they are taken up by the lacUalSy eoit* 
Teyed to all parts of the body, laid down there in the form 
suitable to each, and when they have performed their duty, 
are again broken down or dissdved, carried away by the ab- 
sorbents, and remoyed ftom the system, whUe their phice is 
taken by a new set of particles, destined in tum to undeigo 
similar removal. But the man does not change, though bis 
body does ; he is conscmts he is the same individual now as he 
was ten years since ; his consciousness is joined with memory^ 
constant and unbroken, and it yet remains for materialists to 
show how this memory b compatible with a mind, which we 
can prove to have been built up several times within that 
period, unless, indeed, they are contented with the supposition^ 
that the set of particles which are passing away communicate 
to the particles by which they are succeeded, the impressiona 
originally made on themselves by external objects. Indeed, 
materialists, in seeking to avoid one difficulty, fling themselves 
into a thousand. 

Thirdly : — ^Every man is conscious of the indiyiduality of 
his own existence. He knows himself to be one^ and not two» 

3K It is erideot that this argument may be oouiderad inoomc i qalTe, in oonae- 
qnenoe of the impeiiection of our senaes: it is only used here to diow that a mode 
of proof, 'Which, in ordinary cases, commands universal assent, applies with equal 
force to demensUrate the difference between mind mid mal^ter. 
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or any 'gtesA&r immber. This he is sure of, itad: no aigiu&eiitsy 
hoiiv«ver Tefined or ingenious, can shake hxm in this conyietion. 
But this umty cannot exist in his body, which is made up of 
thousands of particles, and is not for five minutes together the 
same : where, then, can it exist, but in the mind ? The brain 
is no more a unit than the whole body ; neither is any parti- 
cnlar oigan of the brain, if such there be, more a unit than the 
entire brain. ^ An organ," says the ingenious Dr. Brown, *' is 
not one substance, but many substances. If joy or sorrow be an 
ailection of this oigan, it is an affection of the various sub^ 
stances which, though distinct in their own existences, we 
comprehend under this single term. If the affection, therefore, 
be common to the whole system of particles, it is not one joy 
or sorrow, but a number of joys and sorrows, corresponding 
with the number of separate particles thus affected ; which, if 
matter be infinitely divisible, may be divided into an infinite 
number of little joys and sorrows, that have no other relation 
to each other, in their state of infinitesimal division, than the 
relations of proximity by which they may be grouped toge- 
ther in spheres, or cubes, or other solids, regular or irregular, 
of pleasures or pains ; but by which it is impossible for them, 
to become one pleasure or pain, more than any particle of inn 
sentient matter, or any mass of such matter, become any othec 
mass." The imity of any organ, then, merely depends on the 
act of the mind in considering it as one ; it exists as made up 
of many parts, the mind views it as one whole : take the ques- 
tion how we will, we still find that between mind and matter 
*^ there is a great gulf fixed." 

Fourthly: — ^Philosophers tell us that matter is inde* 
structible. It exists now in one form, it is dissolved in 
obedience to certain laws, straightway it enters into new 
combinations, and re-appears in another fonn. This seems i| 
necessary result fix>m the discoveries of the pneumatic chemists; 
There can be no doubt but that He who created matter, oould^ 
in like manner, cause its existence to cease; but such cessation 
of existence never occurs in the present system of things. -The 



egaih consistft of tiie same indiyiduial particles .wfaiob formed iji^ , 
on the day that it left the hands of its Creator, who *^ ineasuxiod- 
the dust in handfuls, and weighed the hills in His balwo^/' 
Without a special interference of His power these particles, are- 
etonal. The general properties of matter will be, in like 
manner^ eternal; gravity is eternal; electric influence is eter- 
nal; chemical affinity is eternal. And shall it be said, that 
the mind of man, which has comprehended and investigated, 
all these properties, which has estimated their power, and set 
bounds to their effects, which can trace the course of the stars 
in the heavens, and calculate the all but limitless wanderings 
of a comet through space, that this mind, which elevates us 
from earth, and forms the link that binds us to ethereal beings, 
is alone mortal; that it goes down ^^to the vile dust from, 
whence we sprung;" that it perishes with the disoiganization 
of the brain, and that all our advances in science, our progres- 
sion in knowledge, our extension of intellect, every effort of 
reason or education towards improvement and perfection, must 
at last terminate in annihilation? . 

No : reason disproves, our best feelings revolt from, such a 
supposition. He, without whose knowledge not a sparrow 
Mis to the ground, who has numbered the very hairs of our 
Itead, takes not such slight account of this. His best and 
noblest gift to man, as to leave it dependent on our frail earthly 
tenement; He, with whom there is no variableness, neither 
shadow of turning, is incapable of that mutability of pur- 
pose which would attend on the materialist's theory, that tliis 
intellect is destroyed to-day, only to be re-created in equal 
vigour at some future time. 

There only remains for us to notice the argument suj^osed 
to be founded partly on anatomical, partly on physiological 
piincij^es. It is said the brain is a gland of, a pecidiarly in- 
tricate conformation ; the blood sent to it is the fifth part of the 
hlood of the entire body ; but by weight the brain would noit 
exceed the thirtieth part of the body; to what use, then, 
Bctvea 4liis immense quantity of blood, unless as the liver sepa- 
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mtes bfle, 8o the brain sqpaiates certain principles^ whicli it 
elabofsteB into thongfats. Now, the analogy is fiilse, and the 
aignment vicions. The analogy is fidse, ftfr we can show in 
the blood the deinenlary particles ont of which bile is formed, 
80 that the lirer is only reqniied to change their form of i^gre- 
gation, or remoye some of them, leaving others; bat who has 
ever discovered in the blood the matter of hope or doubt? The 
aignment is vidous; for if we simply deny the brain to be a 
giand, and ask them for proo^ it fills to the gronnd. They 
either assome the biam to be a gland, and then prove the 
thoughts to be secretions, beoatue glands always form secretions ; 
or going to woik the other way, assome thonghts to be secre- 
tions, and thai prove the brain to be a gland, heottme secretions 
only come from glands. Onr ignorance of the exact mode in 
which the large quantity of blood supplied to the brain is used, 
is no reason why we should adopt an absurd explanation; and 
can anythmg be more absurd, or more incomprehensible, than 
that one material body, the bndn, should, out of another 
material body, the blood, form immaterial bodies (if this be 
not a contradiction in terms), thoughts? The only way of 
evadii^ this, is by boldly asserting that as the mind is material, 
so are the thoughts nothing but little particles of matter, 
variously configured ; and then '^it will be not more absurd to 
talk of the twentieth part of an affirmation, or the quarter of 
a hope, of the top of a remembrance, and the north and east 
comers of a comparison, than of the twentieth part of a pounds 
or of the different points of the compass, in reference to any 
part of the globe of which we may be speaking." 

We hope our readers will now agree with us that the brain 
is not the mind ; the other conclusion is, therefore, established, 
—the brain is the organ of the mind. 

It becomes interesting next to inquire how fir the develope- 
ment of this organ may serve as an indication of the mental 
powers of the individual. For this purpose it is necessary to 
decide on some mode, according to which the measurement 
should be made, and of those proposed, Campei^s, Blumen- 
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bach'Sy and CaYiec'% have attained the mmst celebrity. The 
head may be considered as divided into the &oe and skull: 
the former being chiefly occupied by the organs of sense, and 
the latter by the organ of mind; it was concluded that the 
preponderance of one or the other would indicate the superi- 
ority of the senses, as in the lower order of animala, or of the 
intellect, as in man. To ascertain their proportions, Camper 
proposed his facial line and &cial angle. The former was 
gained by drawing a line from the most projecting point of the 
forehead to the insertion of the teeth in the upper jaw; the 
other, by causing a horizontal line, passing through the exter- 
nal orifice of the ear, to intersect the facial line. This will be 
better understood from a sketch of four heads, which we shall 
mark in Camper's .manner. 

He was led to the construction of those lines by the diffi- 
culty he experienced, when young, in ascertaining the charac- 
teristic marks of the heads of different nations. This, it 
appeared to him, had been grievously neglected by some of the 
later painters, insomuch, that they made little difference be- 
tween a negro and an European, except in colour. ^^I was 
set," he says, ^by my master, to paint one of the beautiful 
pieces of Van Tempel, in which there was the figure of a Moor, 
that by no means pleased me. In his colour he was a black; 
but his features were European. As I could neither please 
myseK, nor gain any proper directions, I desisted from the 
undertaking. By critically examining the prints taken from 
Guido Beni, C. Maratti, Seb. Bicci, and P. P. Rubens, I ob- 
served that they, in painting the countenances of the Eastern 
Magi, had, Uke Van Tempel, pamted black men, but they 
were not Moors. The celebrated engraver, Cornelius Vischer, 
was the only one who appeared to me to have followed nature." 
"NoWy in this case, it happens that the painters were right, and 
Camper wrong, for the Moors, or inhabitants of the northern 
parts of Africa, belong not to the negro, but to the Caucasian 
variety, as we shall mention more fully when speaking on this 
subject; and their children, when first bom, as well as their 

X 
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vomen, who sra little exposed to the efi«ets of the wieaUier, 
are nearly or altogether as ftir as tiiose of the south of Europe. 
The Eaatem Magi, too, in all probability, belonged to sonw 
Caucasiaa tribe ; but the obserration, though thus originatiiig 



ni.imsti^ey 'proved tho .cause of vei^' useful results^ for H §et 
him Oft Inquiiing tbue tme prinoTples of delineatiog heads 
aoeardiBg to the idea intended to be conveyed. 

(And now^ referring to ourtplate, we shall at once observe^ 
what struck Camper after having drawn several heads on a 
horizontal plane, in order to discover the cause of their diffe- 
rence, that this difference may be. represented by the inclination 
of the facial line, and is measured by the angle this line forms 
with the horizon, or with a line parallel to the horizon, drawn 
through the external opening of the ear. It is clear, then, that 
as the skull (the part containing the brain) augments in volume, 
80 will the forehead be more projecting, and consequently the 
&cial angle will increase ; but as the skull diminishes, so will 
the forehead retreat, and the fiEUiial angle become sharper. The 
greatest angle is that which occurs in the human species, and 
in a well-formed Caucasian head, it reaches very nearly a right 
angle, that is, the front of the skull is situated almost perpen* 
dicularly over the face. According as this angle diminishes, 
so does the proportion of the intellectual to the sensorial parts 
of the head, and by continuing to close it, we should succes- 
sively represent the facial angle of the negro, the ape, the dog, 
the snipe, until we at last . reached fishes, in which the head 
going back straight from the nose, these two lines become 
identical or parallel, and the angle ceases altogether. The 
ancient Greek artists seem to have understood this point, and 
seeing that every diminution of the angle took away fr^m the 
expression of dignity and elevation, they, in depicting their 
gods, to whom of course they attributed superhuman attri- 
butes, actually enlarged the angle beyond what we know it to 
exist in nature and in their Jupiter Tonans have made the 
forehead to overhang the fauce, as if completely to express the 
mastery of the intellect over the observations of the senses. 
It is evident that an elongation of the jaws would have the 
same effect on the facial angle as the diminution of the skull; 
and when this takes place in the lower animals, such as cranes, 
snipes, &c., it gives them that silly aspect^ which has caused 

x2 
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these long-billed aninwls to become proyerbial for stupidity. 
Coofined to tbe human kind, this &cial angle is of much use 
in ascertaining the relative size of the brain, and it may even 
be extended with advantage to apes; because in both these* 
the tables of the skull are not very fJEur from being parallel^ and 
are not yet separated from each other but by moderate cavitieSy 
tenned finmUd sinuses* But when we descend below these to 
carnivorous animals, hogs^ some ruminant anima]f^ but^ above 
aU, the elephant, this measure totaUy &ils us^ as the plates of 
their skull are separated sometimes to a very considerable dis- 
tance, and we^ drawing our line according to the outer, can 
form no idea respecting the inner, noor, consequently, respecting 
the real fulness or protuberance of the brfdn. Blumenbadi 
was induced to propose a difierent mode of estimating the pro- 
portions, but his, also, was chiefly applicable to the human 
head. He placed his skulls, of which he had a magnificent 
collection, upright^ on their hinder oar occipital part, and having 
ranged them on a table, placed himself behind, and was thus 
able at one glance to observe the most important points in 
which they difiered, such as the greater or less breadth at any 
particular part, the projection or non-projedaon of the jaws 
beyond the level of the forehead, &c., and from these he has 
been able to establish many national characteristics. But the 
most perfect mode is that proposed by Cuvier, which consists 
in making a vertical section of the skull from front to rear, 
and then observing the relative proportions of the cavity of the 
brain to the part of the section, which answered as frame-work 
to the fiice, or organs of sense; in our cut the line ab nearly 
divides these parts from one another. 

In the European, the area of this cavity is almost four times 
that of the face, not including the lower jaw. In the negro, 
the cavity remaining the same, the area of the section of the 
{ace is augmented about one-fifth. In the Cahnuck it increases 
but one-tenth. The proportion is stiU less in the ourang- 
outang ; in the sapajous the cavity is but double the face ; n 
the mandrills they are nearly equal, and this is the case with 



most caniiyOToiis animals. The proportions then begin to 
^t«r; the sectioa of the iace in the hare is one-third larger 
tlian that of the brun-csivity; It is double in the poKUpine, 
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more than doable in the hog, three times its wee in the hippo- 
potamuH, and almost four times in the horse. In this last 
example, however, it appears to ns that a new element must bs 
introduced into the calculation, as we can hj no means ^ree 
that the horse is endowed with leas instinct than a hare or a 
hog. The reason of the great elongation of the fiue-bcaieB in 
this animal is to be sought for in the fitct, that Datura, while it 
intended it to be £eet in the coarse, destined it also to live on 
the herb^e that grows on the sur&ee of the ground. For the 
former purpose length of legs was eyidenHy necessary, that it 
n^ht loake those astonishing stietches which enabled Flying 
Childers to ran dx miles in tax minutes. But this length of 
leg lifted it, as it were, out of reach of its food, which, as we 
hare said, was on the surface of the ground. Thwe were but 
two ways, then, of arranging this, — either by lengthenii^ the 
animal's neck, or by lei^;thening its head; which was p»- 
ferablet The horse, being an herbivorona animal, necessarily 
required broad flat grinders to rub down its food into a paste 
before Bwallowing it. These grinders, ihea, mutt be insoted 
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in larg^e jaws, and to move the jaws, strolig mnscles wews 
required. A strong muscle requires a large dur&ce for attach* 
ment, and as the muscles which move the lower jaw have their 
origin on the sides of the skull, it was necessary that the skull 
should he large and heavy. Now, a weight is wonderfully 
increased hy heing carried on the end of a long lever, as erery 
one knows who has seen a man attempt to raise a nnisqiiet 
holding it hy its muzzle, at the full extent of his arm. He 
will prohahly feil, or do so with great difficulty, while we 
know that if he grasps the musquet in the usual way he can 
raise it with ease. For the same reason it would be most 
inconvenient to a horse, were it obliged to carry the weight of 
its head on the end of a long stretched-out neck ; and when a 
horse appears with such a formation, persons who understand 
the subject will never buy it, because the great additional 
weight, thus thrown on the fore-legs, causes it soon to faundety 
and the horse is always unsafe, and liable to stumble. We see, 
then, clearly, why a horse's neck does not admit of being pro- 
longed, so as to enable it to reach the ground; it was, ther^ 
fore, necessary that the jaws should be so elongated bb to 
complete the rest of the way. But this was not done withf a 
view to giving any additional extent to the senses; therefo(re it 
would not be fair to conclude a horse the most stupid of ani- 
mals, because the area of its face is four times that of its brain- 
cavity, though we may well affirm that man is the most intel- 
lectual of animals, because his brain-cavity is four times the 
area of his &ce. It is evident, then, that even Cuvier^s prin- 
ciple must be adopted with restrictions ; it has also this incon- 
venience, that it is only applicable to an animal when dead, 
and can give us no information while it lives. 

The idea long prevailed that the brain of man was actuiiUly 
larger than that of aU other animals, and that thence arose his 
intellectual superiority. In the greater number of cases tiis 
is true, and, indeed, we know of no exception but the elephanf, 
aiid perhaps some of the larger cetacea. Thus, the laigest brtrih 
which Soemmering met with in horses weighed but 1 A. 4oi<, 
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wlule the smullest hnman bram of an adult was 2 lbs. 5^oz., 
and this we know to be much below the average. Another 
saethod, proposed as an improvement on this, was to consider 
the brain not in its absolute weight, but as compared with the 
weight of the entire body. This, when applied to the ordinary 
domestic ^nimftlo^ was found so satisfactory, that, without 
going further, it was laid down as a rule that man had, of all 
animals, the heaviest brain in proportion to his entire body* 
Subsequent investigations, however, have shown this rule to 
be more fiGdlacious than the old one; in &ct, the singular 
changes that may take place in a man's body relatively to his 
bulk and weighty and which, consequently, alter the propor- 
tions existing between it and the brain, while the actual size of 
the brain remains the same, should have indicated the absurdity 
cf attempting an estimate in this way. Thus, say a young 
slender man weighs 140 lbs., and his brain 4 lbs., the proportion 
will then be iiih. This is about the proportion that exists in 
oorang-outangs; in the coaita monkey it is ^V, in the mangabey 
J^p in the mole j^y in the mouse J^, &c. : so far^ then, he is 
above these animals. But suppose this young man becomes 
extremely fat, and rises in weight to 200 lbs., or even 280 lbs., 
which we not uncommonly see, the numbers representing his 
proportion of brain would then fall to i^th or 7*]fth, and so he is 
all at once reduced below all those animals, which a few years 
previously he had ranked above, yet, all the time, his brain 
has not altered, for no fat can collect there. Independently, 
liowever, of this objection, a scale drawn up on this principle 
presents numerous anomalies. Several of the smaller birds 
would rank much above us : a chaffinch with a brain 9 yth of its 
entire weight, a sparrow j^jth, a canary-bird y'^th, exceed us in 
a degree for which their manners and habits in no way account. 
The horse, whose brain is represented by y^uth, would be 
beneath the ass ihth, and the "half-reasoning" elephant jA^th, 
reduced almost to the lowest ranks of the mammalia, would be 
l>eneath the mole v',th, the rabbit ihth, the sheep ai^th, and 
the calf shth! 
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- Were any fioriher reason neeessary to show the inefficacy of 
this Tole, it would be found in the £ict that the brain at birth, 
when its incapacity is notorions, bears a mnch greater propor- 
tion to the body than the bzain of an adnlt^ when in the full 
exercise of all its fdnctions. The cause of tbis preponderance is 
to be sought for in the fict, mentioned by those who hsTD 
studied the growth of the foetus, that the upper part of the 
body is sooner formed and earlier developed than the lower ; 
and the final cause of this seems to lie in the greater utility of 
those parts to the preservation of the animal ; thus, it is obvi- 
ously useful that an in&nt should have the government, in a 
certain measure, of its hands, before it is able to go alone, while 
in other animals, such as the walkii^ birds, the order is 
reversed ; here it is of advantage that the animal should run 
before it flies ; accordingly, the young partridge follows the 
mother with the shell still adhering to its back. There still 
remains one other mode of estimating the brain, and that is, not 
absolutely, or in proportion to the bulk of the whole body, but 
in proportion to the bulk of the nerves to which it gives origiiu 
This mode was proposed by Soemmering in 1788, and is founded 
on the supposition that the whole nervous matter of the body 
can be divided into two parts, the cme smsorialy or employed 
directiy about the operations of the senses, and, therefore, con- 
nected with animal lifo ; the other mentaiy or reserved for the 
service of the thinking and reflecting prindple. To the former 
of these divinons belong all the nerves, with the spinal mstiow, 
and as much of the base of the brain as seems directiy con- 
nected with their origins, and, therefore, necessary to the proper 
execution of their functions ; to the latter, all the upper 
remaining part of the brdn, for which no other office can be 
asngned than that of the organ of the intellect. His assertkni, 
then, founded on this division, is, that in man the metOtU 
nervous matter bears a greater proportion to the sensondl than 
in any other animal; and that in all animals the degree of per- 
fection of their instinct will be in direct proportion with the 
preponderance of the former over the latter. 
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Cuvier tindertook to refate this theory in his Lemons cTAna- 
tomie Compart, but in doing so, he only took into account the 
spinal marrow, and omitted noticing the nerves. How far this 
may alter his fects^ we cannot say; but it is clear that he has 
mot taken the whole standard as laid down by Soemmering, and 
ssBce confirmed by Ebell, Mnnro, Blnmenbach, and Yicq 
^Azyr, therefore we cannot admit his aigoment as decidye. 
As, however, the table which he has constnicted shows the 
general accuracy of Scemmering's principle, there being bnt one 
apparent exception, we shall g^ve its substance. 

In man, the breadth of the brain is seven times as great as 
that of the spinal marrow, just where it is leaving the skull : 
in the Chinese bonneted-monkey four times; in the short- 
tailed magot five times ; in the dog about twice ; in the cat 
nearly three thnes; in the hog and ram about once and a half; 
in the stag and calf twice and a half; in the ox and h<»Be 
nearly three times ; and in the Mphm thirteen times. This is 
the only exception stated, and, as we have shown above, it 
proves nothing, because the nerves are completely left out of 
account* ; we might add, that measuring the parts only in one 
direction, breadth is incompetent to afford satisfiictory infor- 
mation as to their bulk. We are, therefore, inclined, under 
the sanction of such great names as we have c[noted, to admit 
Scemmeringf s standard, and say that man has, of all animals, 
the largest brain in proportion to the rest of the nervous 
system. 

But we have no means of estimating this before death, and 
even then the measurement is very difficult, which may be one 
of the causes why exceptions are not known. 

The next question which presents itself, havii^ settled how 
man should be considered as exceeding in brain all other 
ammals, is, whether the excess of intellectual powers of <»ie 

* In fact, this alters the whole statement; for, in the "Bissecticm of the 
brain of a Dolphin " by Tiedemann, who ei^r^y asserts the aocoracy of Bcem- 
mering'stest, it is stated that ** the cerdtrum of the dolphin, in proportion to the 
size of the nerves, spinal marrow, and oerebelllun, is of much smaller size than 
the human cerehrum." 
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mtin oter those of iiciother aro iiecott]Niiiied Ijr a greater poofioil 
of cerebral matter, or, in other words, whether the wisest sum 
has the largest brain? And, as we have jnst shown that abso-> 
lute Mze of brain will not make an elephant wiser than a man,- 
we might almost conclude d priori^ that absolute size of bfiua 
will not make one man wiser than another. However, this is a 
point which we should rather hare determined by observations 
than by aigument, did we know of any sufficiently numerous 
and trustworthy to be admitted as proof. Phrenologists have 
taken a good deal of pains respecting this question, yet thdur 
conclusions do not seem very decided. It appears, according to 
Mr. Combe, their most ingenious defender, that size of brain 
must be considered imder certain modifying circumstances, 
such as health, form, activity, and temperament, or fineness of 
texture. The not attending to these modifying dicumstances 
. will, he says, account for the common saying about huge heaib 
having ^little wit." If, however, all these circumstances asa 
the same, he then asserts that the larger brain will denote the 
superior intellect. This is a very safe assertion ; but the 
necessity of taking into account modifying circumstanoes, sonnd 
of which can in no way be known until the individual is dead^ 
would seem at once to put an end to the science as a means of 
estimating faculties and feelings. Mr. Combe, indeed, asserts 
that the constitution of the brain may be guessed &om tiie 
general temperament of the body: thus, that a person of 
lymphatic temperament will have ^ a brain slow, languid, imd 
feeble in action," while in a person of nervous temperament 
the '^ mental manifestations will be proportionally vivacious^;" 
but, in the first place, this connexion of certain dispositiona 
with the general habit or temperament of the body was not 
left for phrenologists to observe, and in the second place it has 
nothing to do with the point before us, which is not the mode 
of action, but '^ the fineness of texture of an organ," which Is 
mentioned as one of the modifying causes. We might also add 
the extreme difficulty of deciding a man to be of thb or thi^ 

* Combe'k By item </ Phrenology, pp. 32-3. ■ '' lo 



iempeiament^ and ilie mionxte ebadAs b^ wlacb the^ temp^^. 
xoeilts run into each other^ so as to. lender th^ a^^^Qiation, i^, 
the highest degree iuioeitai%. and ooncliisLona foiinded np(^ 
them, of connsey extremely liable to fallacy. Fiurthermore, it 
is well known that the some individual may, at different 
periods of his life, be of different temperaments. In fact this 
modification, though generally admitted as necessary to the 
theory of phrenology, and useful, as occasionally affording a 
convenient mode of escape from a mistake, is seldom, if ever^ 
had recourse to in practice, the phrenologist undertaking to 
pronounce on character from a dead skull or a plaster cast^i 
without making the least inquiry respecting this '^ modifying 
(HTCumstance." 

Size, then, would appear to be the standard they apply to 
estimate intellect, for though they reject this doctrine, and 
insist on the necessity of considering other circumstances, we 
have just passed in review one of these, which they neither 
appear to apply themselves, nor can they show how another 
may apply it. Yet^ as a general proposition, it will, we appre- 
hend, be admitted as true, that persons of very remarkable 
talents have usually* a full well-developed brain, though it by 
iio means follows that people with large heads have distin- 
guished talents. Dr. Milligan has given a table, furnished by 
a hatter in extensive business, whose conclusions were, there* 
fore^ founded on a sufficient number of examinations, and were 
also unlnassed by theory, from which it appears, that in the 
uppea* and educated classes of society, the head is generally 
isuperior in size to that of the lower orders. The same fact has 

* We need scarcely say that the obsranration was made before phraiology was 
thought of, and has nothing to do with the peculiar doctrines brought forward 
imder that name : it Is, at the same time, an observation to which many excep* 
tflODs must be admitted. The heads of Byzon, Shelley, and Keats were all 
remarkably small ; whether the deficiency existed in the intellectual faculties 
occupying the firont of the head, or the animal propensities at its baok, will, W9 
iliinkf piBsde pbienokgists to decide. <* Keats's head," says Mr. Leigh Hunt* 
f*w^ a puzzle to the phrenologists, being remarkably small in the skull, a 
Slngnlirity which he had, in common with Lord Byron and Mr. ShoUey, neither 
of whose hats I could ever get on."— £iA; nf Byron, p. 246. 
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been asserted "bj a gentleman who carefully examined in. 
London the hats made at the west end, and also those made by 
msnnfacturers who chiefly supplied sailors, coal-heavers, ahd 
such persons, and in all cases the average size of those latter 
hats was considerably inferior to that of the former. A want 
of attendii^ to this &ct is also stated to have caused a serious 
disappointment to a Parisian speculator, who sent out a num- 
ber of hats to the colonies, and had them all returned as too 
laige. 

To TOneralize &cts of this nature, admitting of so many 
««cepti^ into scientific principles, a^d a««ne them as inu- 
versally correct, and as suitable foundations for the erection of 
a new doctrine, is truly absurd : yet, this it is which craniolo- 
g^sts have done. €rall, say they, observed certain regions of 
the skuU unusually prominent in persons noted for the possra- 
fflon of some fiiculty or propensity m a very high degree. He 
thence inferred a connexion between the formation and the 
mental manifestation; thence that the latter would always 
have its accompanying protuberance or fulness ; next, that 
this fulness was caused by the subjacent part of the brains 
pushing out the skull ; thence, that the Inain, as it m^ht 
gprout out at twenty-four different places, was composed of 
twenty-four different organs; and, finally, that, therefore, 
&om a careful measurement of those organs, the faculties and 
dispodtion of the mind might be asoertuned. In all this, it is 
evident, there was never a word about temperament, structurey 
oar other modifying circumstances ; it was all ouse-Hlownright^ 
absolute dze. Such a doctrine as this we could at least under- 
stand ; however improbable, there was nothing in it actually 
impossible, and it seemed a &ir subject for actual examination* 
By this rule^ accordingly, it was tried, and, with a measniing 
compass in his hands, Mr. Stone, of Edinbuigh, quickly showed 
that^ were there any truth in the doctrine, as delivered above^ 
Voltaire should have been a better murderer than Thurtell, 
and a greater thief than Haggart, that this latter should have 
had more wit than Sheridan, besides possessing great histrionic 
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and pictorial power ; that Clara Fisher, at eight yeazs old, had 
all the elements for becoming a female Raphael^; and that 
Thurtelly with venexatioa IcurgCy b^iievoleiiee very lour^ and 
adheaiyeness wry large^ miist have been a religioiis, pious^ and 
amiable man, totally incapable of outraging the laws of God, 
or murdering one whom he had so long considered and called 
his &iend 1 The attempt made by phr^iologiats to reconcile 
this latter deydopemeni with the actual character of the man, 
we look on as a more complete disclosure of the utter absurdity 
of their entire system, than coM be offered by their most de- 
iermined opponents ; we give it in their own words from the 
Phrenologicai Joumat^ yol. i^ p^ 3QI, beggiiig attention to the 
lines in italies. 

*^ The murder committed by Thurtell was a predetermined, 
cold-blooded deed ; nothing can justify it. Revenge against 
Weare, for having gambled too successfully, and, as he ima- 
gined^ un&irly with him, prompted it ; ^ there i» every pro- 
labU^y that Thurtell laid the umoarrantable unction to hie soul, 
that he would do a service to others ly destroying Weare, JSe 
considered Weare as a complete rasealy one who had robbed masiy 
4U weU as himself , and one who, if he Uved, would hone robbed 
mat^ morell" 

A theory which can thus convert benevolence into the 
active cause of murder, needs no further examination on these 
grounds : ^ by its fruits ye shall know it." 

Let us, however, consider what are termed the anatomical 
paroofe of tiie theory, for which, as being matters of which they 
are entirely ignorant, the great mass of phrenologists pxa&ss 
the highest respect and veneration, 

A &vourite object of speculation with the older anatomists 
and physiologists, was^ what they termed the sensorium com^ 
mune, the conmion point of th.e brain, to which they supposed 
all impressions brought by nerves, before perception was pro- 
duoed, and &om which, they argued, all volition must ema- 
nate ; in short, their sensorimn commut^e was neither more nor 
less than the seat of the soul. In this seareh abundant 



Iibstirditiieei 'wefe peirpettated, and ridictiiottd anevtioiw YMitimd. 
^The parts of the braiii, termed the pineal ffUmdy Uie ^orpw 
eaXkmm^ the pons Var6iHy the torpcra sfriatay besides the 
fheduUa cblonffota, and the water in the ventricles, or fine ex- 
halation with which they are bedewed, were, in tams, assigsed 
this honourable office. To us it appears that a cause of error 
existed in the nature of the search, as its object was to invest 
an immaterial principle with one of the attributes of material 
bodies, — ^locality. The attnnpt made to trace the nerves of the 
senses to a common origin, though more rational, has be^ 
e€[uaUj unsuccessful. On the contrary, the accurate dissec- 
tions of Spurzheim have render it highly probable that there 
is no such part of the brain existing, but that fibres originally 
diverging firom the top of the spinal marrow, and reinforced at 
different parts by collections of gray matter, form the general 
structure of the hemispheres, while other fibres arising in those, 
and crosfflng from one side to the other, tend to combine the 
actions of the brain, as though the object were that it should 
act as one whole. And, be it observed, he has never shown, 
nor, as fiir as we are aware, attempted to show, that these fibres 
of connexion run between similar organs on opposite sides, (for 
all organs are maintained by phrenologists to be double, one on 
the right, the other on the left^ side of the brain,) but merely 
between these two great divisions of the oigan. Therefore, as 
fistr as their own anatomy bears on this pointy it would rather 
indicate a unity of action between the two hemispheres, than 
between any particular portions of those hemispheres ; «. e., it 
would rather evince the brain to be a single organ, than made 
up of many organs. But, in fiict, as fiu: as anatomy can decide 
the question, it is altogether against the phrenological theory. 
So &r is the brain from presenting to the eye, or the knife of 
the dissector, a number of distinct organs, uniform in situation, 
and capable of having their size and shape appreciated or 
measured, that it originates firom a common bundle of fibres, 
spread out^ and folded on the surface into convolutions, which 
convolutions we can show to be absolutely oontinuons^ . pre- 



.Ecnting no B^iraci&ble line of aepaiatuui, in-egnlar in thcw 
-HtuatitHi^ sise, and ibnn, in difieient head% and on the d^ffereat 
aidea ^ tit teune heads in vkort, piesenting no more approacU 
tounifonnit;, thtm the windings of the Bmoll intestine. To 
put this matter bejrond doubt, we presmt our readera witb a 
:i»preientatioii of a bmn, from whicb the skull and mem- 
bisnoua coverings have been removed, co^ed from one of 
'S^uizlieim's own pkte% in which, therefore, we may suppose 
that be has gone as tar in selecting and depicting an instaniie 
of Bniibnnitj, as could be done at all consistently with nature; 
and in this plate we beg our readers to compare for themselves 
Oie cmvolutions of one side with those of the other. 



. : We also lequest them to take a penul, and endeavour to 
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point outy or ask any of their phrenological Mends to point out 
to them, where any of those oigans, which we have marked 
after Spnizheim, terminates, and where the next fy) it hegins ; 
or suppose one of the organs^ as phrenologists say^ becomes 
^'mnch developed,'' so as to encroach on a neighbourii^ organ, 
say that No.xin^ Benevolence, has encroached on No.xxv^ 
Yeneration ; how are we to know that it is not No. xtv. whidi 
has enlaiged and encroached on No. xillI In sjhort, how are 
we to decide on inch of convolution at the place where two 
organs unite, to belong to one of them, rather than the other? 
And if this be impossible, as we unhesitatingly assert, and as 
no phrenologist has yet attempted to demonstrate* the reverse, 
we are not justified in considering it truly absurd to talk of 
the size of an organ, when, for all the phrenologist knows, he 
may actually be measuring in half the adjoining organ ? But 
this refers only to the measurement of an organ on the sur&ce, 
or where its base is supposed to bulge out in one. of the convo- 
lutions : there is another of its dimensions which also requires 
to be considered, for the organ being a cone, extending from 
the top of the spinal marrow, it becomes necessary to ascertain 
its long diameter, and for this purpose we are directed to 
measure firem the opening of the external ear to the promi- 
nence beneath which the organ is situated. Now, this may do 
indiflerently well to measure an organ, which terminates com- 
pletely in finont, or completely on the hinder part of the head, 
though anatomy again interferes, and teaches us that the orifice 
of the external ear is by no means an exact indication of the 
situation at the top of the spinal marrow, from which these 
cones are supposed to set out. 

To ascertain this matter, we have taken a large number of 
skulls, as any one can do by going to the Hunterian Museimi 
at the Royal College of Surgeons, and stretching a string be- 
tween the centre of the openings of the external ears, found 

* We use the term anBfotBksDjr : ire we vtran fkat S^nrzhelm addressed a 
paper on the subject to the Royal Society, wMcb ftfrpeared too contsiaptilito to 
merit a place in their Transactions* 
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tliat it most frequently passed just over the anterior condyles, ■ 
aiiswering to the front of the spinal marrow as it enters the 
brain ; in other cases the string cut the whole at about a third 
from its anterior edge, while in others it passed altogether in 
&ont of the hole, sometimes to the third of an inch, and this, 
•we may remark by the way, was exactly the case in the head 
of the pongo. In all those heads, therefore, supposing, which 
is almost the first phrenological proposition, that the difference 
between the intellectual faculties and the animal propensities 
was to be estimated by the length of line from the opening of 
the external ear to the projection of the front of the forehead 
in the one instance, and to that at the back of the head in the 
other, it is clear that we should add to the latter sometimes 
two-thirds, sometimes the whole, and sometimes even more 
than the whole breadth of the spinal marrow at its top, and 
yet, this is a difference of which phrenologists take no notice, 
and which does not even enter into their calculations. But 
the sources of difficulty increase when we come to measure the 
length of a lateral oigan, such, for instance, as Secretiveness, 
No. VII., or Acquisitiveness, No. vni., in i^hich a moment's 
consideration will show any one that the line included between 
the leg of his callipers placed in the external ear, and the other 
leg placed over the organ in question, can never give the linear 
diameter of that organ, in other words, the length from the top 
of the medulla oblongata to the surface of the oigan ; and if 
we attempt to gain our ends by measuring from the oigan on 
one side to the organ on the other, the approximation must be 
equally rude, as it could only be in the case of the included 
line, and the two organs occupying exactly the same plane and 
direction, that its bisection could give their linear measurement, 
and we beg to know which of the organs at all approximates 
to this coincidence? In &ct, the great error of phrenologists has 
been, the attempt to reduce to the scientific accuracy of mea- 
surement and division, certain propositions which were matter of 
popular, we had almost said of instinctive, belief: and the more 
they have attempted to depart from the original vagueness and 

T 
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generality of ihiB belief, the deeper liave liie j nm into «rnnv 
and the more Mly Itave they manifested the feily of thmr pie* 
tensions. All people helieve, in » geneial way, that a well- 
shaped and faUnsized brain is the oigan of a more active and 
p.ot<rerfal intdUect^ and that this cannot be pieaent when the 
oigan is defective or misshapen ; but when theorists attempt to 
break np the mind into a number of sappoaed oEiginal fiienl- 
tiefl^ such as no metaphysician will, liar a moment admit, and 
the brain into an eqoal number of oigam^ whieh the «imi-rtwi»# 
in vain asks to be shown, and then proceeds to attach tme of 
the former (unadmitted suppositions) as a mode, of action to 
one of the ktter (andemonstrated eaistenoes), and, farther, to 
esj^^thk how each of these organs may modify, cr be modified 
by the action of any, or all the lest^ they get enveloped in 
such a labyrinth of baseless flpeeuktion and visionaiy fiucies, 
that they are utteriy bewildered by the complexity of their 
own imai^^natioos, and ara left to seek, amidst a balance of 
enors, the posribility of anapproximation to the vague general 
prindple finmi whidi they had origimdly storied. This isy in 
troth, all that cnotiology can do, and to tibia it ia &st retain^ 
lag. The unanswerable &ct that, &r aU they can tell during 
life, one-third of the most important oigana* xnay be atoated 
within a frontal sinus, <^ which the external urall may be re- 
moved from the internal by a variable distance^ and not bear to 
its snz£GUM the slightest parallelism or resemblance, dwws the 
complete untimsbleneness of their fiindamental propositiony 
that the shape and sice of the brain is fidthfidly le joesented^ 
andean be seen and measuied upon the cztttnal plate <£ the 
skull. £veryaiiBt<mu8t also knofni^ that pntuhernioesoaLtibe 
diffisrent bones of the skull, at the peiata trhtte ossificatioB 
comraenoed^iesak from thickness ef bent^ netfroraiacxeaeeef 

* TeAap^t &^» ^^ dioaid add {hat abotft oiife>1lh)r9 of ttid oonTolations <^ the 
hraiiiareMtwtot«all»taMB,aDd toChew m /jutMtf <rfeP li «tfalljwiLc^ Ifca 
wliole Blind betpgauQfed out, and aiiport&cnMd to the«Hpflriarand lateral oon- 
Tohitlcnit. Win ctaniologifttsliaye the IdndnesB to tell lu why one convolntioa 
^boiidlMan ocgaa «bd insanrnBtr In twrtfc, <Tia jftmA ■ iiawiEj tm %b e»ir> 
caoMinvltaaagiiuta 4oaata»,i^ ito paint nT 
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bxBin ; and tlie j aiso know bow mwk greaiter may be tiu9 
thieknms in sMie hjeads tbaa olihera. 1%ie impowibiliiy, indir 
ented by tiieee faot% of obtaining any thing like accumte idesf 
zespeetii^ the minute poztiona of braui, to which craniolog^ta 
eonfine ceitein fisKsuities, scarce requires being issistod on. 

We think we have now shown that there b no evidence 
frank anatomy oi the biain being divided into many organs 
and that there is direct evidenee, that did these organs really 
exists still the metiiods pniposed for asc^rtaiznng their mxe ai? 
altog^Jier inadequate. 

The ocly mply attempted by phrendsegista is, that we have 
made the mistake of argiiia^ respecting ajbaolmte sise, while 
they Bpeak of r^tive size ; and that we talk of comi^adj^ 
organs in difiSerant heads, while they compare the organs of tha 
aamo head* But this is a sample evasion. Let ns admit &r 
the present (says an acute American writer on this anbiact) 
that there are no mch difficulties in the way as the diiSeienoe 
bpetween the outer and imaer snifaoes of the skull, a iact of 
which any one may satisfy himficQf, by paesmga pieoe of the 
iafone between his thumb and finger. Let va leave these out of 
tiae ease, and, in the v«ry ted;h of oar aenaea of aight and 
timeh, let ns auppose that skulls are, a$ to their out» and 
ianer surfaces, oqpnl and pasailel. Let "is enter with aiL 
kamble teaohaUeaeas the schools of phnenology. We a29e£j»t 
pointed to a head, in wMch a parlieular oorgan is large. Laxge^ 
flsd email beisg velativie tenns, we natumliy aet abont examin- 
wg dififerent heads, to settle an average or standaHL This 
■le&od* of prooeedin^, however, is cat diort by tbe semask^ 
that the nae of organs is not to be eatimatBd by the osgans of 
^laer heads^ bnt by 42ioee of ihe same hedL The ^ctibmfii&fi^ 
mem is iazge, inoampaadson to the benevolene% which ia.amaSL 
Tim attempt to escape from the dlffieolties of an average 
flkoiMiBidy we teke to bevtteriy futile: thene is no escape at sdL 
Oigan% of oooTse, oompared with each otiser, are neoaanoriiy 
tege^4ama]L Thn3,if we judge fpooi the plaster basti^ H^ 
^Qigan of destmctiveaess in my man'sliead ia alvifv teffv 

y2 
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than the organ of music ; but the question in any particular 
case, is not whether the organ of destructiveness is absolutely 
large, compared with the organ of benevolence, but how the 
excess of the former above a certain average, i or normal 
standard, compares with the excess or deficiency of the latter 
in regard to the same standard. Thus, we are continually 
driven back to the necessity of a standard ; and for a standard 
we in vain call on the craniologists : they seem too well aware 
how fatal it would prove to their pretensions. 

There is one organ in the brain which certainly is distinct^ 
and may be pointed out by the anatomist as sufficiently and 
fSurly separable from the rest of the mass ; this is the cerehel- 
lum. Now, to this, craniologists attribute a peculiar propensity 
or feeling, common to us with the lower animals, and, as we 
here admit the existence of the organ, it becomes a simple 
question of experience, how far it is found to be proportioned 
in developement to the propensity which has been assigned to 
it. The arguments generally adduced in its favour are from 
comparative and human .physiology: we shall select on in- 
stance of both. The frog is, of all reptiles, perhaps that one 
which exhibits most imequi vocally the feeling in question : in 
the frog the cerebellum is so extremely small, that its very 
existence was, imtir lately, a matter of dispute. In F^russac's 
BuUain for October, 1831, under the head Sciences M^dicales^ 
may be found the details of a case, in which this part of the 
brain did not exist cA a//, while the propensity was rather re- 
markably developed. We recommend both these fsusts to the 
attention of craniologists, and request they will oblige us with 
any explanation of them that their ingenuity may suggest : 
until we receive that, we fear we must consider them £stal to 
the organ No. i., the i/niy organ which they can show to exist! 

We have thus mentioned a few of the anatomical objections 
which occur to this theory: its present importance would not 
warrant us in pushing the subject further, than briefly to 
notice a few other objections to which it is liable. Pathology 
furnishes an important one of these. A slight injury to the 
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brain will often cause total alienation of the mind, not an 
affection of that particular faculty or propensity, of which the 
injured part was supposed to be the organ. On the other 
hand most extensive injuries may take place, and even a great 
part of the substance of the brain be removed, without any 
apparent diminution of mental power, or loss of any particular 
faculty. ^ The truth is," says Dr. Roget, " that there is not a 
single part of the encephalon which has not, in one case or 
other, been impaired, destroyed, or foxmd defective, without 
any apparent change in the sensitive, intellectual, or moral 
&culties." Haller made a large collection of cases, tending to 
establish this fact; and Dr. Ferrier, in the fourth volume of 
the Manchester Transactions, has given several additional cases, 
.so complete and indisputable, that Spurzheim could find no 
farther reply to them, than a vague charge of inaccuracy, or 
mistake in the observers. It has been attempted to escape 
firom this difficulty, by alleging the duplicity of organs; and 
that though the organ on one side may, have been affected, 
still the oigan on the other may have been entire, and capable 
of its proper function; but, independently of the &ct, that this 
duplicity of oigans is a mere assumption, and one involving 
great and unnecessary difficulties, when attempted to be recon- 
ciled with the well-known unity of mental action, the expla- 
nation totally fails in the case of defective cerebellum before 
alluded to, in which both sides, or, if you will, both organs were 
gone ; 'neither will it answer in those cases of hydrocephalus, 
in which every convolution of the brain is unfolded and dis- 
tended, while the mind still remains entire. Indeed, we might 
almost leave this theory to be refuted by the facts brought. in 
Hs support, such as Gall's story of the man who was mad at 
one side of his head, and observed his madness with the other 
side! 

Pathology supplies another objection to Gall's theories in 
the well-known fact, that in mental derangement, the faculties 
most frequently impaired, are memory, volition, judgment, 
and attention; but these in Grail's system are no faculties at 
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oily have no oigaa, but are lepresented as affectioiia of all facul- 
ties. 

It is also clear^ that in cases of monomania^ the affectioii of 
the biain should always exist in, and be accniately confined to, 
the oxgan of the pecaliarly disordered fiGunilty. That this is 
the oase, we scarcely know any one who will yentnre to assert 
As one instance of the contrary, we shall dte a case ^ren by 
Dr. HaalftTTi, of a young woman i^ed twenty,, whose madnesB 
was occasioned by reHgioua enthusiasm and a too-frequent 
attendance on conrenticles. Whai admitted, she was in a 
very wretched asid unhappy condition, and terrified with the 
most alarming apprehensions fiur the saLvation of her soul. She 
sang, wept, and prayed alternately; and, after continuix^ some 
time in this forlorn and pitiable stat^ she died. Of course^ 
oamologista would hoe lay it down, that there was considei- 
able disease of the organ of yeneration, and that little derange- 
ment would be found elsewhere* An examination took place, 
and tiie result was, that the pia mater , or membrane investing 
the difierent convolutiona of the brain, was found inflamed, 
and an extravasated blotch about the sine of a shilling was 
seen upon the membrane in the middle of the lateral part of 
the right lobe of the cerebrum. There was no effusion between 
the membranes or into the ventridesi, but a general determinar 
tioin of blood to the contents ^ the cranium. 

These &ct8 appear to require no comment. 

Phrenologists^ however, when driven from all tenable 
gvonnd of aigumflnt, usually as a last resource, exclaim, ^ But 
oar science is founded in nature and truth ; experience attests 
its universal applicability; to that we appeal as full and 
sufficient confionation, and on that we rest our whole cause." 
If they did so honestly, they would long ^nce have resigned 
their whole cause. In 1829, Mr. Stone read before the Medical 
Society of Edinburgh, of which he was the President, his 
^^Observations on the Phrenological developement of Burke^ 
Hare, and other atrocious murderera ; measurements of the 
heads of the most notorious thieves confined in the Edinburgh 



KERTOUS SYSTEM. S27 

jail and bridew^, and of various individuals, Englisli, Scotcli, 
and Irish, presenting an extensive series of facts subversive of 
Phzenology." His measurements, that there should be no 
question of their accuracy, were made always in the presence 
of other persons, frequently of craniologists, who all admitted 
their perfect fairness. He took, for the purpose <^ an average, 
fifty skullsy chiefly British, belongmg to Sir William Hamil- 
ton's collection, and fifty skulls collected by Dn Spurzheim, 
and deposited by him in the Edinburgh Museum. He not 
only took the length, breadth, and height of each, according 
to the mode directed by craniologists, but ascertained the 
"weight of brain they had contained, and the absolute and rela- 
tive size of the organs, and firom all these data carefiiUy and 
impartially collected, he demonstrated, that in fifteen murderers 
selected chiefly for their notorious blood-thirstiness and depra- 
vity, eoery one of them had the organ of destruetiveness ahso- 
hitefy less than the average of ordinary heads ; and that thirteen 
of them had it, abo, ne^eftve^ ksi when compared with the 
-whole contents of the skull.. He fortheir showed, that twelve 
of these men had the organ of benevolence m<Mre largely 
developed than the average, that their oonseientiQxisness was 
also fiill, and that the skulls generally exhibited no lemarkaMe 
deficiency of brain be£>re the ear, or prepoikderanee of develope- 
ment in the region to which the animal piopensities are i«- 
fored. To zender his investigation still more complete, he 
took the measurements of the head of Dr« David Gregory, who 
had beeai ProfesBCor oi Mathematics in the UniTersity of Edin* 
buigh, and subsequently app<»nted Savilian Frofeesor of 
Astronomy in Oxford. He was the distinguished fiiend and 
co!inpanion of Sir Isaac Newton. He was the learned author 
of several valuable works on mathematical science ; and a man 
of high moral and intellectual virtue. The skull was wdl 
authenticated by the gentlemen who took it from the place of 
intexment, and presented it to the person in whose museum 
Mr. Stone had an opportunity of examining it« The result of 
this examination wafi^ that the organ of deatroctiveness in tibe 
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learned Professor wMy.ili its abeolnte size^ larger tliiui tlie same 
organ in every murderer included in the induction ; and even 
in proportion to the general size o£ the brain, larger than the 
same in Burke, Haggart, Anderson, Glen, Balfour, Pepe, Mor- 
timer Collins, Clydesdale, and Divan. 

The organ of combativeness in the Professor was also larger 
than the same organ in every one of the murderers. 

His oigan of aoquisitivenefls was the same as Balfbur^s, and 
larger than the same organ in all the rest, including even 
Gordon, M'Keon, and Haggart, who were noted thieves. 

His organ of secretiveness was also larger than in each of 
the murderers. 

As to the organ of benevolence, Burke had it in ahsohOe 
size the same as the Professor. Four other murderers nearly 
the same; and seven others, all atrocious miscreants, had it 
actually larger. Even in proportion to the entire size of the 
brain, eleven out of these twelve had the organ of benevolence 
larger than the learned and virtuous Professor. 

The organ of conscientiousness was next examined, when 
it appeared that Clydesdale and Kerr had this organ in its 
absolute size larger; and, in proportion to the entire brain, 
Burke, Anderson, Gordon, Lingard, Pepe, Mortimer Collins, 
Clydesdale, and M^Keon had each this organ of greater size 
than the Professor. 

He then proceeded to the intellectual organs, and measuring 
the organ of comparison on the heads of the murderers, found 
that four of them had it the same, three nearfy the same, and 
three larger than the Professor. 

Causality was next tested, and as this is the organ to which 
is attributed the power of tracing the relations of cause and 
effect, and of reasoning closely, we beg attention to the results 
which we state in full. On the skull of Dr. David Gregory, 
the measurement of this organ taken &om the opening of the 
ear to the organ on the opposite side, was 5«1 inches. By taking 
the measurement in this way, an accurate report is also given 
of the general anterior cerebral developement. 
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The OTgBoiL measured in the ame muamet on the do^ <A 
the murdaevBy ms:-*- 



In HflglPHx 



Gkn. 
Balfour 



5lSS iMfter, wVtA H Utrger tbaa the Prafeaaor^ 



. . &2 

. . &3 
. . &35 
. . 5w4 
. . 2L2 
JfoKtinarGolliiis S.5 
ajdeaUe . . &3 
M*£[eoa • . . &.4 
BwcJuman . . &.3 
. . S.7 



wlddh is aim lofyer. 

v^Uch k alflo 2arper. 

which is also larger, 

which is also larger. 

which is also larger. 

which is also loryer. 

which is also teller. 

which Is also larger. 
. which is also larger, 
. whSdi is also larger! !! 

Hence all these criminals appear to haye had a greater 
quantity of brain before the ear, that is, a finer intellectual 
developement, than Dr. Dayid Gr^oiy, Sayilian Professor of 
Astronomy to the UniTersity of Oxford. 

But one thing remained : the animal propenraties are, we 
are told, situated in the posterior region of the brain, so that 
they are to be measured by the quantity of it contained in the 
space behind the ears, and thb is to be measured from the 
opening of the ear to the spine of the occiput. Examined in 
this way, the cranium of Dr. Gregory gave i.5 inches. 



Of Haggart 
Scott . 
Glea 



Balfour 
Gordon 
Lingaxd 



4.05 Mdhcv , which is lew than the ftofiesBar'a. 



4.05 
4J 



. . &6 

. . X7 

. . ZJS 

. . 3.75 

. . aa 

MoitimflrOolliiu 3Jt 

ajdasdala . . a.7 

M*Keoii ... 3.7 

^*^ y • • • • 4s 

IMvaa .... 3.9 

Bnefaanan . • 3LS 



which is 2e«c. 

which islecc. 

whidiislew. 

whidi is aweft leer. 

which is aw e * Uu. 

whidi is verg umeh Use, 

wbkSi is muck leu. 

whiehisleBr. 

wUdiisfaM. 

^riiSdi Is mmck le$t, 

whidi is «Hfdk lecf. 

whidiislew. 

wfaidii8 2ef«. 

which is scry araeft leif // / 



So that this giave, learned, and yirtuous professor, had less 
intellectual power qnd more animal propensity than the whole 
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stxuog of Ivatal, debaached^ abandoped^ and atrocious mur- 
derers given above ! 

We liope our nadeis will consider this a sufficient reply to 
the constantly proposed appeal to experience: phrenologists 
themselves say, ^'Assail our facts, and we are undone; Phre- 
nology admits of no exceptions'^ J^ 

We have thus attempted to prove three propositions; first, 
that the brain is not the mind; second, that it is the organ of 
the mind; and third, that it is not divisible into twenty-four 
or thirty-five distinct organs, each exercising a peculiar and 
appropriate mental &culty or function, as is supposed by 
craniologists. Certain parts, however, exist in it, and can be 
seen sufficiently distinct from others ; and experimental attempts 
have been made to assign to them their proper offices, if such 
they should be found to possess apart &om the rest of the 
mass. To such attempts, it has been objected that the general 
disturbance which must arise in the entire system, when so 
delicate a part is wounded or cut away, together with the 
painfiil and unnatural situation in which the animal is thereby 
placed, must render all observations respecting its Acuities 
and actions in such circumstances extremely liable to error 
and confusion. Thus, a bird operated on in this manner, win 
no longer smg, though the organs of voice are perfect, and 
have not been in any way interfered with : but the conclusion 
which might be drawn» that the bird had ceased to sing be- 
cause certain parts of the brain had been interfered with ; and, 
therefore^ that the organ of singing was situated in the brain, 
would evidently be erroneous. In the same way, if certain 
mental faculties appear lost after the removal of certain parts 
of the brain, we can by no means sa&ly condlude that these 
faculties were exercised by these parts as their organs; inas- 
much as the loss may have been merely consequent on the 
general disturbance produced by the injury. From this ob- 
jection expenmaats may be to a certain extent freed, by keep- 
ing the animal until it recovers, and then observing (if the in- 

* Pkrmoi9gUal jMimaX, VoL ilL, p. S98. 
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juries be of gach s nBtmre as to aHow of itsf perfect reertc^nvticHi 
to health) whether any of its faeulties haye been peimanexvlly 
lost ; in which case we might, if the results were isvariable, 
fairly comiect the lenities with the pairts removed. Another 
objection, howeTer, and one which is particularly applicable to 
the experiments of Haller and a host of experiment-makers in 
his time, and that immediately snceeeding', is that the parts of 
the biain are held together by such a continuity of structure, 
and present such numerous communications, that the diffieuHy 
becomes very great, of saying exactly to which of them you 
have limited the injury inflicted, and consequently, to which 
of them should be refexred the phsenomena produced. The 
improTements gradually making in our acquaintance with the 
minute anatomy of the brain, evidently present the only modb 
of avoiding this objection, and we think every possible advan- 
tage of these has been taken by M. Flourens in conducting his 
admirable experiments ; of whidi, as coiiceiving*them the most 
trust-worthy we have on the subject, we shall give a l»ief 
notice. It is but fair, howev», that we should &st give 
honour to bun to whom honour is due r our own countxyman. 
Sir Charles Bell, by his demonstratioa of the pexfect distinet- 
ness in function between the two great classes of nerves^ the 
one destined for sensation, the other for motion, pointed out 
the way to almost all the discoveries which have since been 
made in that field ; and we r^^ret to say, that our French 
neighbours, with more ingenuity than honour, while availiilg 
themselves of his facts, have neglected to acknowledge the ob- 
ligation. His claims, however, are now so generally ackn^W* 
ledged, that it is unnecessary we should say anything on that 
head. 

M. Flourens first set about re-demcmstrating, with some 
additional circimistances, the difierenoe between the seat of 
sensaticm and that of motion. He found, that when he pricked 
or in any way irritated the spinal marrow, proceeding from its 
extremity towards its centre, he uniformly produced strong 
muscular contractions, until he anrived at a certain pdnt 
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almost at the level of the biaiii, where the oontraetions ceased, 
and the aninud remained as quiet and undisturbed as though 
no irritation was being applied. He then made a counter- 
experiment, by commencing in front of the brun, send proceed- 
ing to prick and cut it in difierent points which produced no 
effect until he had arrived at the point already indicated ; as 
soon as he had passed which, the contractions again com- 
menced. Now below this point was the spinal marrow, in- 
cluding the medulla Mongata already figured : above it was 
the brain. The conclusion then was obvious, that the nerves 
proceeding from the spinal manow were those immediately 
concerned in producing the motions of the body; the brain 
bad some other office— what was that? To the resolution of 
this question, M. Flourens applied himself, and as he found it 
impossible to see the oigans of. which phrenologists speak, he 
determined that hb experiments should rather be directed to 
those parts which he could see : observing, therefore, the ob- 
vious i»paration, which we have already mentioned, between 
the c&rArum or brain proper, and the cenbdltun; observing, 
also, certain ■ rounded little tubercular masses (usually named 
t^ib^reula quadriffemina) situated just at the point where his 
irritations had ceased to produce contractions, and which, from 
their connexion with the root of the optic nerves, and position 
at the junction of the brain and spinal marrow, appeared to be 
of importance ; he resolved to attempt ascertaining the func- 
tieiiis or offices of these three parts, the cerd>nimy cerebelluMy 
ask^i tubercula quadrigemmay and for this purpose made the 
following experiments. 

He removed, by successive small slices, the cerebellum of a 
pigeon ; and as he proceeded, the bird lost, first, the power of 
flying, next of walking, next of standing steadily. It remained 
in any situation in which it was placed, not because it did not 
foiah to change, nor because it wanted muscular contraction, 
but because it was incapable of combining that muscular con- 
traction so as to produce motion of the kind desired. Thus, if 
menaced by a blow, the bird evidently was aware of its danger, 
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nvished to avoid it, and writhed itself into a thousand contor- 
tions to escape ; but the muscular contractions, not being com- 
bined or directed to one end, proved of no use. Again, when 
placed on its back, it disliked the position, made a thousand vain 
efforts to rise, and finished by remaining as it was. 

In another pigeon, the cerebellum was also removed by 
layers from before backwards, and the effects are thus described. 
The equilibrium was lost almost completely; the animal had 
great difficulty in keeping itself standing, and could only ac- 
complish it by the aid of its wings and tail. .When it walked, 
its steps w^ere uiisteady and tottering, and gave it all the ap- 
pearance of an animal that was drunk;. bo that frequently in 
its efforts to advance it fell and rolled over. When the last 
layers had been removed, all sort of harmony or combination 
of motion was entirely lost : it/could no longer either fiy, walk, 
or stand. ' These faculties were lost by little and little, as each 
successive layer was removed; and M. Flourens found, that 
you could -with certainty, by continuing your excision to a 
certain extent, destroy either or both of the former, without 
affecting the latter. These £Eu;ulties,, even the last, are lost in 
a gradual manner, becoming more and more imperfect before 
they are quite abolished. The /mimal, as regards standing, 
commenced by being unable to remain long balanced on its 
legs : it tottered almost every instant ; then its feet no longer 
sufficed ; it was obliged to assist itself with its wings and its 
tail ; finally, every upright position became impossible, the 
animal made incredible efforts to gain such a position, but in 
vain. The power of walking was lost in a manner i»milarly 
gradual. The animal at first had a tottering gait, quite similar 
to that of a drunken man ; then it assisted itself with its wings, 
then it could no longer walk at all. ** At the removal of the 
middle layers^" says M. Flourens, *' the pigeon on which I was 
experimenting saw and heard perfectly well ; it uttered no 
complaint, its appearance was gay and lively. From its general 
air, no person would have suspected that it already wanted 
half its cerebellum ; but en revanche^ its gait was very tottering 
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and vmcaetain^ and it soon began to aaskt itM^ with its wings* 
I ooati&Qed to cai. The aaknal kst iotaily tlie power of 
waUdng; its feet no longer sufficed for standing; it cooM 
mcsely support itself on its bent 1^ by the aid of its tail and 
wings. FieqiMOtly it eDdesfoared to fly or walk away, bnt 
these 'osd^sB attempts served nialy to icinind nsof the first 
efforts at flight or waUdng made by the young bird wben it 
leaves tbe nest. If you pushed it forward, it rolled en ite 
head; if backward^ on its tail. I pursued my sections^ and 
the animal could no longer support itself on its knees, tail, and 
wings; it rolled constantly round without being able to r^nain 
in any fizied position. When worn out by this exercise^ it 
would remain for n moment in whatever position it chaaoed to 
be plao^ sometimes on the flat of its back, sometimea m& ifes 
belly. All this time, it saw and heard perfisctly. During its 
iateival of rest the least menace, the least noise, the dightest 
irritation, renewed the tunutltoouB aoeneof its «ontortiaBs; 
but in the ihidst of all these 4wntortioa6^ ao wild, so violenl^ so 
unregulated, there never was anything like oonTulsMns." 

It follows, then, fiom these esqperimentB^ made with tfaa 
greatest care, and sweated fnequently, that the offioe of the 
eerebeilum is to combine muscular action so as to mnke it snh- 
servient to flying, walking, running, leaping, standing, &Q. If 
this be so, what becomes iji the doctrine of the czaniologiGti^ 
who make it the d^gan of an animal pmpansity or 



What experiments have they so dedsive and undemableS Bat 
we forget: Gall and ^uzheim objected to experiment as a 
mode a£ testu^g ihe offices peifeimied by dafliwent parts of tibs 
knan; perhaps,' they had some notion of the cenrlusiang to 
which such ei^Mtiment would lead. 

IL floiaeBs next turned his attentifln to the ftifannrff 
pKuH^mUmOp which we have already sakl an tha rootB of the 
nerves of n^t, and are ritoated at the boundaxy-line belwieen 
tiiebmittand the spinal narrow; the line at tiba ona ado of 
which ifritation produces convulsiono-Hit the otheiv not. Jt 
nu^ be neoessaiy to add, that the necreii gdng finot tham 



bodies d6 not mn to the orgasi of the dame side^ but after mee^ 
iBg, are said to decussate, the fibres of eadi crossing those of 
Uie other, and so proeeeding to the oppoi^te organ. The result 
of this, which also occurs la other parts of the bifiii^ is, that 
an injuiy done to either mde of that otgan is frequently felt at 
th« opposite side of tilie body; tixus efiusionon the right dd» 
of the brain will produce paralysis on the left ade of the body. 
We shall see that a similar effect resulted in M. Fiouiens's 
experiments. 

*^ I remoTed from the biain of a pigeon one of the tubercles : 
tlife escision was aoeompmied by a eontulsire general flutter, 
bat not of any duraftion. The eye of the opposite i»de inune^^ 
diaitely lost its Mght, but the irit remamad for a long time 
moteable. The animal stood, walked, flew, beard, and uttered 
sounds expressive of pain. It often turned round, and chiefly 
towards the side on which the tubercle was wanting: it saw 
perfectly with the eye on this side. This latter flHst probably 
estplains the form^ which had no connexion with the removal 
of the tubercle, but with the natuml inclination of an anunai 
to moire towards the side at whicb it sees besL This is ren- 
dered probable by the e^^eriment of eoTermg up one eye in 
se^vral pigeons, when they will eadi be ionnd to turn most 
frequently towards the side at whidi is the uncovered eye» 
When both tnbendes were excised, complete biindness was the 
result; but the animal retained ail its powers of hearing, feel- 
12^, stsndiii^, wnlkix^, and flying. As soon as the immectiate 
pain of the operation was oyer, the animal became tianqnil and 
quiet, and in every respect as before, save thai it wns totally 
aand oompktely blind. Tho oondusion then is clear, tiiese 
tt^ercalti ^l[uadnffemina are, as it were, the intensd organs of 
viston; the VMans of oouununicating to tiae hzaln the aen8ati<ms 
hteught in by the optk nerves." 

iiis third, and by many degrees Ida most iHtensliBginquixy, 
•mas that into the fionctiotts of the oei«Sf««, or Inain proper, 
the organ, as it woald aeem, of intdligenoe wad instinct, the 
centre to wlndii impNssionB, made on the aanm, «« nil lefenedy 
and without the actum of which these impresiiaDa would pasa 
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unnoticed and unkaowni In. these eicpenments, he made, as 
it were, a singular analyns of- the ai^mal's existence; he 
deprived it of animal life, that by which it maintained its rela- 
tions with the eaitemal world, and left it only oi^g;anie life, 
that hy which it converted into nutriment substances placed 
within the actum of its digestive oigans. A stranger, as M. 
Broc observes, to everything by whidi it was 'surrounded, 
insensible to everything that acted on it; it saw not, heard not, 
smelled not, tasted not, touched not, — ^not even that which 
touched it. Without desures, without cares, without -pains, 
without pleasures; indifferent to everything, it livc^ without 
being conscious that it lived, or rather it had ceased to live 
though it still vegetated. It still breathed, its heart beat, its 
animal heat was preserved, it could even move when urged to 
it by an external impulse ; but the impulse never came from 
within, it had ceased to have any volition. 

^' I deprived at once of the two hemispheres of its braiii a 
fine healthy chicken. This chicken, deprived of both hemi- 
spheres of its brain, lived ten entire months in the most perfect 
health: it might still be alive had I not been obliged, in 
coming to Paris, to abandon it. During all that time, I never 
lost sight of it for a single day : every day I spent many hours 
in observing it ; I have studied all its habits ; I have followed 
it in all its ways; I have noted all its proceedings; and I now 
give the results of this long and careful observation. 

^^ No sooner had I removed the two cerebral lobes, than it 
lost the sight of both eyes : it no longer heard ; gave no sign of 
volition; but maintained itself on its legs with perfect ease and 
steadiness. It walked when goaded or pushed forwards; when 
thrown in the ur it ilew; it swallowed water when forced 
into its beak. It never, however, made any motion, unless 
when irritated. When placed on its legs it remained on its 
legs; when laid on its belly, in the manner in which fowls 
sleep, it remained on its belly. Constantly it was plunged 
in a deep somnolence, from which neither voice, nor light, 
nothing short of direct irritation, by meuis of blows, pinches, 
stabs, &c., could arouse it; six hours after the operation, it 
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afssmned the ttttitud3 of. deep and profound sleep, tliat is to 
say, it tamed its nedc^ and hid its head beneath its win^, as 
a nim a te .o{ its species do when sleeping. I left it ialmost 
ihalf a quiai^ of an hour in this situation; I then irritated 
it suddenly, and it awoke with a start; but scarcely had 
•it .a^oke when it again relapsed into a sleep as deep as before. 
,£leyen hours after the operation, I made my chicken eat by 
opening its bUl, and pushing down it some food, which it swal- 
lowed very well. 

^^ The next day, it seldom awoke from the sleep in which 
it was plunged, and when it did so, it was with all the usual 
.gestures of a chicken when awaking. It shook its head, ruffled 
its feathers, sometimes eyen dressed them with its bill; occa- 
sionaUy it changed legs, for often it rested only on one, as is 
.common with birds. In all these cases, it reijiiaded us of a 
man asleep, who, without quite . waking, or rather still half 
asleep, readjusts his posture, &c., so as to assume one less 
fiEitiguing, stretches himself, yawns, and then drops off again. 

^^ On the third day it was no longer calm as ordinary; it 
was in constant motion, went here and there, but without any 
determinate aim or object; and if it met with any obstacle in 
the way, it could neither avoid nor turn away from it. Its 
caruncles were of a fiery red ; its skin was intensely hot ; it 
was suffering from a burning lever : I confined myself to pour- 
ing down its throat abundance of water. 

^* For the rest, there was no sign of convulsions, no difficulty 
in balancing itself, no want of harmony in its motions : in two 
days the fever had ceased, and the chicken then became quiet 
and somnolent as before. 

" I now pass over many entries in my journal, and arrive all 
at'Once at the second month from the operation, 

" The chicken enjoyed perfect health ; as I had carefully 
fed it» it had grown fai : it was almost consttotly asleep, and 
v«hea not adieep was still dozing. Some days past, the bones of 
the skull, exposed to the air, had exfoliated and fallen off; the 
scar was now rapidly healing. 

z 
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** Fm months after the opeaiion :«*-! nevai saw « dudcsn 
frUer or in better health than this one. Theiwindctf thadcnll 
is ^tirely soarfed over ; a ^la, smooth, white aldn <dotli€0 the 
whole Burfiiee^ and heaeath the skin is £»rmed a new oaseoos 
layer, sUll thin but solid. 

<< I have many times allowed this chicken to ftst for two or 
three days together, then I have placed food nadeir its nostrils, 
I hayo boned its beak in gmin, I have pkoed com in the «ad 
of its beak, plunged its beak in water, and placed it on a hea^ 
of eom« Under ail these einnunstanoes it has neither smelled, 
peeked, nor dmnk ; it remained immoYeable on the heap of 
ootm, and would, assaredly, have died there of hanger, had I not 
resumed my method of feedii^ it myself 

*^ Twenty times, in place of grun, have I placed pebMas at 
the bottom of its beak, and it has swallowed them jnst aa it 
would have swallowed grain. 

^Furthermore; when this chicken meets an obstacle in its 
way, it knocks up against it, and the shock makes it atop and 
reel; but to ibioe£ against a body is not to ^oac&it; the chickea 
never feels its way, or examines by the touch ; it never he8i<- 
tates when advancing ; it knocks and is knocked, bnt it does 
not touch. 

** Thus, then, the chicken, vdthout its cerebral hemisphmei^ 
has really lost sight, hearing, smell, taste, and touch, yet none 
of these senses, or, to speak more perfectly, no oxgan of these 
senses has been directly interfered with. 

*^ The eye is perfectly dear, uninjured, and its iris move- 
able : the oxgan of hearing has not heea touched ; the oigan of 
taste is perfect, and so is that of touch. How wonderful! 
Sensation no longer exists^ though all the organs of sense 
remain : it is clear, then, that sensation does not reside in ihes» 
organs. 

^^ Finally ; the chick^i without hemispheres has lost all its 
senses, for it neither hears, nor sees^ nor smelly nor taste8,.ner 
toncbes* It has lost all its instincts, for it never eats of itself 
to wliatever length of &st it may be subjected^ it aevar takes 
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£^elter, however grtot tlie inelein^ey of the wtefttlier^ it never 
defends itself agcdnst the other chickens^ it knows neither how 
to fty Boor to fight, it feels no more the sexual desire^ and re* 
nmiBs indifierent or insensiUe to the earesses <^ the male. It 
has lost| all intelligence, for it no l<»iger either wishes, or 
remembers, or judges. 

*^ The eemfaral honlspheies, therelbre, are the peculiar and 
proper seat c^ the sensations, the instinct and the intelligetnce." 

From this series of experiments, clear, complete, and ooft« 
vindng, M» Fhrnrms has establidied the offices of the cere^ 
tdObun, the tubereok quadi^mina, and the cerebranf; 
attaching to the first the power of regulating and eomlnning l&e 
motions of the body ; to the second that of connecting an im-^ 
presMon made on the visual oigan with the place wh^re it is to 
beoosne a sensation ; while the third is the immediate recep- 
tacle of those sensations as well as of the instinct and under- 
standing. The next question which evidently presented itself 
was, whether all these histincts, sensations^ &c., occupied 
different seats in the cerebral hemispheres, or whether they all 
concurred in occupying the same seat ; and as we have already 
shown &om anatomy, the probability that the latter was the 
case, in other words, that the brain was an individual organ, we 
shall now show the more than probability which experiment 
farii^ to bear out our conclusion. 

M. Flourens removed, in successive slices, the brains of a 
great number of pigeons ; beginning in every possible direction, 
cutting sometimes from behind, sometimes from above, and 
sometimes peeling it off, as it were, from around a central 
nucleus. The invariable result of all these experiments was, 
tiiat he could proceed to a certun extent without destroying 
the functions of the hemispheres ; in fiict, that a sufficiently 
small portion of each hemisphere was enough for the perform- 
ance (in a manner) of aU its functions ; that these functions, 
however, became gradually enfeebled and impaired as the 
sections advanced, and that, at a certain point, they disappeared 
suddenly and a^c^€f^. ^ It follows, then," adds M. Flourens, 

z2 
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^* that tliere are no different seats for different &ctilties, nor fyf 
different sensations. The faculty of perceiving,' 'jud^ng, or 
wishing a thing, resides in the same place as the &enlt j of per- 
ceiving, judging, or wishing any other thing, and, eomsequentiy, 
this faculty, essentially one, resides also in an individual 
organ." 

We need scarcely say, this conclusion completely destroys 
craniology £N>m the roots : the hiain is one organ, not many 
organs. 

We must now leave this subject, however interesting, and 

proceed to consider the remaining parts of the nervous system, 

the spinal marrow, with the nerves which it gives off, and the 

. great sympathetic nerve, reserving for a separate chapter what 

, we have to say regarding the organs of sense, and the peculiar 

. class of nerves by which they are supplied. And, in this part 

. of our task, we are most opportunely met and assisted by tlie 

labours and discoveries of Sir Charles Bell, who had origmally 

set out nearly with the same object as M. flourens, but after- 

.wards restricted his views to the parts which we are now 

^ about to consider. ^'I have to add," he says,. ^ that, after 

< making several experiments on the cerebrum and cerebellam, I 

laid the question of their functions entirely aside, and confined 

myself to the investigation of the spinal marrow and the nerves; 

a subject which I found more within my power, and which 

forms the subject of the present volume." 

We have already described the spinal marrow as composed of 
four columns or rods of nervous matter, two anterior and two pos- 
terior, laid together and enclosed in a common sheath. > As the eye 
runs along this sheath, it perceives that, in the interval between 
every pair of vertebne, a nerve is sent out to each side of the 
body ; and, on looking more closely, it becomes evident that 
each of these nerves has two roots, one from the anteiior, the 
other from the posterior column, or root of the spinal marrow 
on its own side ; that these roots join to form the nerve very 
soon after leaving the spinal canal, but that, previous to 
joining, a ganglion, or little enlargement, containing gray 
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mait^, b alwa^ fottaed on ths loot coming tram the posterior 
column. An idea of this may be fonned from the accom- 
panying cut, in which we have represented a portion of the 
spinal marrow removed from its canal, the sheath laid open, 
ai^ the origin of thenervea displayed. 



b, BjwpMittia tierrat Ijlnff ■onw the othon* and malfttig a root in it 

Now, in examining the bodies of animals, anatomiata always 
find that the importance of any particular arrangement is to 
be estimated, not so much by the size of the parts concerned, 
SB by the oonatancy with which they assume the same order ; 
and SB the spinal nerves invariably present two roots and a 
ganglion on the posterior, as the distribution of certain nerves 
also to certain oi^gans is never wanting, or if wanting, the organ 
is deprived of its particular function, it follows, from the above 
prindple, that there must be some good reason why these 
nerves should have two distinct roots, and why the distribution 
' of oUiers should so constantly follow the same law; and the 
most obvious explanation is, that the two roots confer diSeient 
powers, and that certain nerves have peculiar functions. In 
speaking of the Alexandrian School of Phywology, we have 
mentioned that the former of these explanations had occurred 
t(> Erafostratus, and that lie had actually divided nerves into ^ 
nerves of sense and nerves of motion, to which he assigned 
diSenmt origins : he appears also to have had ideas of the pecu- 
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Ikr fimotions of ceitain nerres; but his discovexies, in a gseat 
measore, perished with him and the school to widch he he> 
longed, find for many succeeding generations it seemed to be 
the doctrine, that the function of nerves depended im the 
organs to which they were sent ; thus, that any nerve vponld 
Bee as well as the optic, if sent to the eye, or any nerve taste as 
well as the gustatory branch of the fifth, if distributed into the 
fine papillae on the snr&ce of the tongue. Objections to this 
doctrine were, howev^, frequently made, and, though gene- 
rally taught, it was felt not to be satisfactory. The tongue is 
supplied with nerves from no less than three different sources; 
to what use, it was said, can this answer, if they all supply the 
same fiiculty? To this, even Soemmering could find no better 
reply, than that the tongue required a great deal of nervous 
excitement, and that, perhaps, two or three small nerves might 
do the work of one large. Wrisberg, Scarpa^ Prochaska,. 
Paletta, and Munro, each approached us, either through ana- 
tomy or physiology, something nearer to the true explanation; 
but it was left for Sir Charles Bell ultimately to propound and 
demonstrate, that each of these nerves supplied the part with a 
peculiar endowment, which could never be communicated by 
a predominance, however great, of the other nerves ; that the 
roots rising from the anterior columns of the spinal marrow^ 
uniformly conveyed the principle of motion to the muscle to 
which they were distributed; that sensation was the property 
of the posterior roots; that the filaments arising from them, to 
whatever length they might run, however they might be inter- 
woven or bound up with other filaments, never lost their ori- 
ginal function, and that this unchangeableness of office belonged 
not only to the nerves of sensation and motion, but was ex- 
tended to a peculiar class of nerves, destined to produce the 
combined actionsnieoesswry for respiration, as also to the nerves 
supplying the organs of the individual senses. To this dis- 
cprery, he says, he was led, by a diligent study of the ana- 
tomy of their roots, and the mode in which he laid down the 
principle was, that ^* nerves have difierent functions, according 



toihe diTiskms of the htmn and ^nal loanow^ &om which 
4]iey take Uieir origin." Having satisfied himself of the truth 
lofiJus pzincipk by anatomy, he next proceeded to demonstrate 
it to others by ectperiment. 

^ After delaying loi^," he says, *^ on account of the un- 
pleasant n^ure of the operation, I opened the spinal canal of a 
mbbity and cut the posterior roots of the nerves of the lower 
extremity ; the creature still crawled, but I was deterred from 
repeating the experiment by the protracted cruelty of the dia- 
sectioni" The result, however, as far as it went, was clearly 
consonant with his views; the animal had nM>ved after the 
posterior root of the nerves had been divided, therefore these 
mrere not the roots which served for motion. It next occurred 
to him, that as life does not leave the musdeB and nerves 
directly on an animal's beii:^ knocked down and rendered 
aenseless, he might experiment on it in this state, and thus 
save it the torture of being dissected alive^ For this purpose 
a xabbit was struck behind the ear, so as to deprive it of sen- 
sibility by the concussion, and the spinal marrow was then 
exposed. On irritating the posterior roots of the nerve, no 
action could be perceived consequent on it in any part of the 
muscular fiume ; but on irritating the anterior roots of the 
nerve, at each touch of the forceps there was a corresponding 
moti^m of the muscles to which the nerve was distributed* 
£Tery tow^ of the probe, or needle, on the threads of thia 
root, was attended with a muscular motion, as distinct as the 
motion produced by touching the keys of a harpsichord. 
These experiments fully proved that the different roots and 
different columns from whence these roots had their ori^^ 
were devoted to distinct offices, and that the notions drawn 
jGrom anatomy were correct. The explanation was^ there&oH?^ 
obvious, why one part should be supplied witii nerves &om 
two to three different sources ; but to reduce this also to the 
test of experiment, he selected the &ce, which is supplied with 
two nerves, the fifth and the seventh : on cutting ataoss the 
jMjrves of the fifth pair on the &ce of an ass, it vma found thai 
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the sensibility of the parts to whieh it was distributed waa 
entirely destroyed; on cuttiiig across the nerve of the serenth 
pair on the ftce of an ass, the sensibility 'was not in the 
slightest degree diminished. From this it followed, that the 
fifth pair was the nenre of sensibility of the face, that is, the 
nerve by which the fiice felt all impressions made npon it ; 
and, in traeing this nerre back to its origin, it was found, soon 
after leaving the brain, to present a gai^lion, so that it in all 
respects answers to the nerves arising from the posterior roots 
of the spinal mairow, and which, as we hare already shown, 
tend to the same office for other parts of the body. But the 
similitude does not terminate here ; Paletta had shown that all 
the filaments of the fifth pair did not ^iter the ganglion ; a few 
passed it by^ forming, as it were, a separate root to Hit nerve; 
and, on tracing these carefully, they were found distributed to 
the muscles that mov^ the lower jaw: could these be^ like the 
anterior roots of the spinal nerves, destined to produce muscu- 
lar motion? ''The opinion," says Sir C. Bell, '' was c(»firmed 
by experiment. The nerve of the fifth pair was exposed at its 
root in an ass, the moment the animal was killed ; ahd,- on irri* 
tating the nerve, the muscles of the jaw acted, and the jaw 
dosed with a snap. On dividing the root of the nerre in a 
living animal, the jaw fell relaxed." Thus the functions of 
the fifth pair are no longer a matter of doubt ; — ^it is to the fiice 
what the spinal nerves are to the body; it arises, like them, by 
a double rooty one supplied with a ganglion, the other wanting 
it ; and also, like them, it contains two sets of filaments, the 
one for sensation, derived from the former root, the other for 
motion, owing their origin to the latter root. 

It appears^ then, that each nerve, or, more properiy, each 
nervous filament, for filaments of difierent power may be 
bound up in one common sheath, performs but one function ; 
consequently, that if a part be required to execute more offices 
than one, it must be supplied with nerves from more sources 
than one. Of this we obtain a satisfaotoiy illustration from. 
comparative anatomy, by contrasting the feeler of any of the 
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insect, or cmstaceons tribes, with' the trunk of the elephant s 
the former is destined solely for sensation, therefore it is found 
to be furnished with a single nerve supplied by the fifth pair, or 
that conferring comm(Mi sensibility; but the proboscis of the 
elephant is not only destined as an oigan of touch,* but being 
hollowed into a tube, shares also in the motions of respimtion ; 
consequently it is found not only to hare nerves from the fifth- 
pair, as above, but abo large branches from another (the 
seventh), of which Sir Charles Bell has shown the influencing 
the muscles in respiration to be the peculiar function. It may 
strike our readers that these nerves of respiration are a new 
class, and do not properly come under the head either of sensa- 
tion or motion, therefore that they should have some peculiac 
origin of their own, but that no such appears in the spinal 
marrow, which merely consists of the four columns, two an- 
terior, for motion, and two posterior, fi>r sensation. And this, 
it must be admitted, is a difficulty which anatomy does not 
enable us to remove in its full extent. Confining our atten- 
tion, however, to that part of the spinal marrow, termed the 
medulla oblongata, placed like a ci^ital on the top of the 
oohimn, and forming the part which immediately connects it 
with the brain, we perceive that between the four rods, of 
which we have spoken, others are, as it were, inserted or let 
in ; firom these the superior respiratory nerves can be clearly 
shown to have their origin ; and Sir Charles Bell supposes, 
that though these inserted parts cannot be traced to any dis- 
tance in the spinal colunm, yet .that a fine streak of medullary 
matter must be sent along it &om them, endowed with the 
same peculiar power, and communicating this power to the 
respiratory nerves, which are given off in its downward course. 
We have thus given as full a view as our limits and the 
nature of our work will permit, of the discoveries and theory 
of Sir Charles Bell, to which we must add, that they have 
heen by no means allowed to pass unquestioned. In fiu^t, in 
1815, Mr. Cross propounded the diametrically opposite doctrine, 
that the anterior pillars and roots were destined for sensation. 



346 nsKTous stbjom. 

snd tiie posterior lor motioii ; Mr. Wdker tlLoaght &is » &r 
the traer doctriiw^ thai ]i8 ivrote to claim H as Ms oi/ni ; "wlule 
Burdachy who, with Baer, m 18X8, made a series of expeti- 
mcctB onfrog;^ altogether d^ed the dktiiictDess of fanetiou of 
the ant^or and posterior roots, and amred at the conchiflion, 
that the united influence of hoth is necessaiy to produce, in a 
spinal nerre, the perfect diachazge of eith^ of its funcUons^ 
sensation, or motion. In 1822 Magendie, being made acquainted 
vith Sir Charies Bell's views by Mr. Shaw, inmiediatel j oom- 
menced a set of experiments, the result of which was to affoid 
them the strongest and most decided confirmation. Thus in a 
young dog, hayii^ divided the posterior roots of the spinal 
nerves, he says, ^the sensilHlity was always completely extin^ 
gnished :" when the anterior roots were cut^ ^^ the lunb beoaane 
relaxed and motionless, while it evidently retained its sensi- 
bilify.'' And, finally, he thus expresses himself at the ooDf- 
elusion of his essay : "^ the posterior roots appear destmed more 
particularly to fiilfil the functions of sensibility, while the 
antmor roots are more especially connected with the functions 
of motion." Subsequent eaperiments do not appear to have 
been altogether so decisive; as we find him, in a second paper 
on the subject, coming to the oondusbn, that sensatioii does 
not derive its origin exdtuivefy from the posterior nerves, nor 
motion &om the anterior. Since then, the interesting' nature 
of the question has caused very many physiologists to atton]^ 
its solution. Fodeia gained results very dubious, and, in many 
iniitaiioes» opposed to Magendie. Bellingeri framed a theory of 
his own; viz., that the posterior roots of the nerves servied for 
the extension of limbs, and the anterior finr their flexion ; a 
theory which it appears to us we should be almost juatified in 
terming ridiculous. Schops, Backer, and B^xlaid, made their 
experiments with various results^ all, however, tending towaida 
Sir Charles Bell's viewsf, which appear to have received their 
final confirmation from, the experiments of the accurate Miiilei^ 
pubtished in 1831, as well as those made by Paniaoa^ in presmoe 
of Scarpa, and by Seubert, in presence of Tledemann, about the 
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snoe periocL Dr. Stannnis wAs^ we believe, the last eaqperi- 
meDter in this line ; but, as his testimony goes ehiefly to ooil- 
firan the accmacy of Miiller, and, amsequently, the canectaess 
ci Sir Charles Bdl's views, we may be excused enierii^ into 
it^ Te£emng those who may be anxious to see an account of his 
es^exiniaits to Hedkier's lAaer&riathe Afinakn, for December, 
1632, &om whence they were transfeired to the pages of the 
Dublin JinumaZ of Medicai and Chemioal tSdenoSy a periodical 
'which has now attuned a marked priority in iQtrodacmg the 
labonrs of foreign physiologists to the notice of their British 
biethrrai. 

The principle of nervous action has been mnch contested^ 
and little nnderatood : it shall, therefore, detain ns but for a 
vary short time. Three theories are ventured on the subject : 
Isty that a very fine subtile fluid is transmitted from the brain 
i» the nerves^ and wee wrsdy and so oonveys the commands of 
the will, or notice of an injury ; 2ndly, that this takes place 
by vibrations or undulations along the oouzse of the nerve ; 
and, drdly, that this principle is neither more nor less than the 
galvanic current. The fixst opinion is very old, and seems to 
have originated in the idea that the brain was a g^land, and, 
fnom the great quantity of blood sent to it, must secrete some 
kind of fluid. This fluid could not be shown, therefore it 
miBst necessarily be of a very subtile nature, and capable of 
moving with the necessary velocity, or, as Stuart describes it, 
^^ tenuissimum, duldssimum, mobilissimum, et minime co- 
haoens, aut coagulationi sanguinis obnoxium ;" that is^ most 
subtile, most bland, most mobile, possessed of the least possible 
tenacity, and not liable to coagulation Hke the blood. It is, in 
short, the animal spirits of the philosophers of two or three 
CKituries back, and to which the genius of Descartes gave the 
^xadpal celeftoity. Researches are still being made by Ger- 
man physiologists after this, as yet, imaginary fluid, and 
Autenrieth, we beliere, is said to have aU hs6 demoastrated it. 
Until he does so completely, we will take leave to doubt its 
existence, the siore particularly, that even if we were to admit 
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the nerren to be tubes, and containing a fluid, both of whidi 
filets we deny for want of evidence, we do not see how the fiict 
of a fluid moving backwards and forwards 'would assist our 
understanding the nature of sensation aud volition* 

The second hypothesis, or that of vibrations, owes its chief 
celebrity to Hartley, and supposes that the nerves are some* 
thi]!ig'like the strings of a musical instrument, which, when 
touched, vibrate, and that this impression, made at one end^ is 
communicated at the other. Those vibrations were supposed 
to be continued into the brain, and were even made use of to 
explain the association of ideas : but there is nothing so absurd 
that an ingenious man cannot colour over, and mv«st with a 
certain degree of plausibility. All the wodd knew that the 
common conditions required beforo a chord can vibrate are, 
that it should be tense, or stretched between its extremities, 
and isolated, or not allowed to rest along anoUier body : but 
every one who had eyes, could see that a nerve was so &r 
from being tense, that, if cut, its cut ends actually overlapped 
each other, and so &r from being isolated, that it was the whole 
way imbedded in soft, moist^ cellular structure, often sur- 
rounded by &t and other yielding substances ; yet, though they 
knew the one, and could see the other, they still peisuaded 
themselves that somehow or other a nerve could vibrate : cer- 
tainly when they had got so £u*, subsequent difficulties were 
not likely to stop them. 

The third hypothesis^ or that of electricity or galvanism, 
has been most elucidated by the researches of Dr. Wilson 
Philip, and we shall briefly consider the experiment on which 
he most insists, as proving its truth. 

The hfflr was shaved off the skin over the stomach of a 
young rabbit, and a shilling bound on it. The eighth pair of 
nerves (the pair by which the stomach is supposed to be en- 
dowed with the faculty of digestion) were then divided, and 
about a quarter of an inch of the lower part of each coated with 
tin-foil. This was done to render them more convenient con- 
ductors of the galvanic fluid, which was then sent along them 
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in the usual way. For five bouzs the animal contuiued in. a 
perfectly natural state, and exhibited none of those symptoms 
of derangement of the functions of the lungs and stomachy 
which usually follow the. division of the eighth pair. It ha4 
ndther vomited, nor been distressed with difficulty of breath- 
ing. It had not eaten anything after the nerves were divided. 
The power of the galvanic mixture was, byt^ time, getting 
, exhausted, and, in proportion as it failed, so did the animal's 
respiration become disordered : in a quarter of an hour it had 
become so difficult, that the animal lay gasping, and apparently 
at the point of death. Acid was now added to the mixture in 
the trough, and the galvanic power rused, till as high as at 
first. Soon after this the animal ceased to gasp, and breathed 
with much greater freedom. The galvanic prooeas was several 
time& discontinued and renewed, and always with the same 
effects. The animal died in six hours after the division of the 
nerves, and on being opened, it was found that some parsley, 
which it had eaten previous to the experiment, had disappeared, 
or at least was deprived of all its peculiar appearance and smell, 
and reduced to such a pulp as is usual in healthy digestion. 
^^ Both Mr. Hastings and myself," says Dr. Philip, ^' who have 
been much accustomed to examine the stomach of rahbits, 
under various circumstances, thought that digestion was nearly 
as perfect, as it would have been in the same time in a healthy 
•rabbit. This rabbit had not eaten anything for twelve hours, 
till within three hours of the experiment ; it was then very 
hungry, and was allowed to eat as much parsley as it chose." 

This experiment Dr. Philip varied and repeated in different 
ways, and added others similar, which also gave similar re- 
sults ; in conclusion, he says, ^^ We h^re see the influence of 
the brain removed, that of a galvanic trough substituted in its 
place, and the result the same as if the influence of the brain 
had still continued ;" he therefore concludes, that the nervous 
influence is the galvanic fluid, collected by the brain and 
spinal marrow, and sent cdong the nerves ; and asks. Whether 
it be possible to explain the result of his experiments without 
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admitting tlw identily of the nexTotus infiuenoe and gflyfosr 

Now, If vm consider this advanced as a strict logical pirool^ 
a &Qacy is at onoe cTident, though Dr. Philip has ingeidotisfy 
kspt it oat of Tiew, by makiiig his syllogism an ent^^meme, 
•a»d placing the ftUacy in the suppressed proposition. For his 
argument is this : galTanism produces the same effects as the 
nerrons inflnence sent from the brain, therefore, galTanism is 
the nervous influence sent from the brain. The suppressed 
proportion is^ ^ sameness of effect, infers identity of cause f* 
and the fallacy of this we can demonstrate without leaving the 
ground Dr. Philip has chosen ; for if he select the contracti<M[i 
of a muscle as the effect^ we know it can be caused by pincbing 
with a forceps the out end of the neire going to it, and it can 
fdso be caused by sending a galvanic shock through the nerre ; 
but it is evident, that pinchmg with a forceps is not, therefore, 
a galvanic shock. 

Leaving, howerer, the strictness of logical proof, which is 
seldom to be expected in such a case as the present, we would 
in the first place remark, that the accuracy of Dr. Philip's 
experiments has been denied on very high authority; and the 
following experiment which Dr. Cooke rehites, as having been 
made for the satis&ction of some of the members of the Royal 
Society, certainly tends to support the denial. 

Experiment 1. — ^ Two rabbits, which had had no food for 
seventeen hours, were allowed to eat as much parsley as they 
chose ; the nerves of the pcMr vagum (eighth pan*) were th^i 
divided at the neck of both the rabbits. One of the rabbits 
yrB& subjected to the influence of a voltaic battery, and the 
process was continued for five hours; the other rabbit was 
allowed to remain quiet. At the end of five hours the two 
rabbits were killed ; and, on examining the stomachs of both, 
the appearances were exactly alike, except that the contrai^ion 
of the centre was somewhat greater in the galvanized stomach 
than the othor." This is totally inconinstent with what should 
have happ^ied, if Dr. Philip's theory were correct ; but in 
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Ixici, it seenis by no means geneially adimUed tbaib the fwe^ 
tions of the stomach are dependent on the eighth pair, whieb»' 
it will be observed, is taken fer granted by Dr. Philip,- but 
expressly denied by Sir Benjamin Brodie and other eminent 
physiologists^ and that on Ui^ £edth of snch experiments as 
the following, which Dr. Cooke aeems to give on his own 
authority. 

£xp£RZMBNT 2.—^ In a yonng cat^ the tenninatLon of the 
nerves of the eighth pair on the cardia of the stomach wese 
cearefally divided; the animal was perfectly well afterwards, 
was lively, ate its food as usual, and the rei^iration was not 
affected. At the end of a week, and three hours after having 
been fed with meat, the cat was killed. On dissection, diges- 
tion was found to be going on as usual ; the food in the 
stomach was^ in a great measure, dissolved, and the thoracic 
duet and the lacteals w^re distended with chyle, having the 
ordinary appearance. The nerves were carefully traced, and it 
was ascertained that not the smallest fdament had been left 
undivided. This experiment was repeated with exactly the 
same results, and the Editor of the Quarterly Jmamaly com* 
no^iting on it, observes, * it appears to set the inquiry at rest, 
and disprove the experiments made by Dr. Wilson Philip.' " 

But though Dr. Philip has failed to establish his own 
opinion, he has given a very satisfiEictory refutation of the 
theories of Descartes and Hartley. He cut a nerve, and after 
retracting its extremities to the distance of a quarter or half «m 
inch from each other, found that it was still capable of convey- 
ing the stimulus to act: of course, this would have been 
impossible, had it consisted in vibrations, nor do we see how it 
was to take place, if dependent on a subtile fluid flowing 
through very fine tubes. 

[Physiologists, however, are anxiously watching the progress 
of discovery in animal electricity, than which, no science has 
told deeper secrets in more familiar language. Generalizaticm 
has been carried so iar^ and so happily, in electrical researches^ 
that, notwithstanding the philosophical caution which keeps 



back the physician from yieldi^ to the )io]p0 jQ^.]beipg«ble..to 
identify nervous with galvanic power;, yeli^ that ^ere i3 some 
intimate, though still latent, connexion between (lx<^&e subtile 
principles, is a matter of very gener^ belief, i " He wha. prer 
dieted, and showed," says Dr. Walsh, in a letter to Pr. 
Franklin, ^^ that electricity wings the formidable bolt of the 
atmosphere, will hear with attention, that in the deep it speeds 
a humbler bolt, silent and invisible. He, who analyzed the 
electrical phial, will hear with pleasure that its laws prevail 
in animate phials. He, who by reason became an electriciaD« 
will hear with reverence of an instinctive electrician, gifted in 
his birth with a wonderful apparatus, and with skill to use it." 
It is singular (and we are not aware that the observation has 
before been made) that the ancients generalized the electricity 
of the torpedo, to which Dr. Walsh alludes in the preceding 
extract, with the powers of the magnet, when they recom- 
mended both for the cure of gout; thus, unconsciously an-* 
ticipating the great discovery of M. CErsted of the id^atity 
of the electric and magnetic currents. To compare the blind 
coincidences of past practices with present opinipns opens up 
a curious proof that both rest on common ground, . The cause 
of gout, says the physician of to-day, is *^ weakened nervous 
organic power;" the Roman and Arabian physicians reoom^ 
mended the shock of the torpedo as a remedy for the same; 
(Etius says that those afflicted with the gout, either in tha 
hands or feet, should hold a magnet in the hand to relieve the 
pain : and the electrician sees but one and the same principle 
in the empirical remedies, in the physiological opinion^ and in 
the disease itself. 

Let us turn, however, to the facts: Sulzer, as early as; 
1767, described the influence upon taste caused by the contact 
of different metals with each other and with the toQguq. J% 
1773, Dr. Walsh proved that electricity is an <^T)iTp^ ]y as.wett 
as an inorganic product; that the back and breast 4J^^ii^ 
torpedo are in different states of electricity; 4md t^flrf^Q.^M^^ 
ceive the shock, it is necessary that the upper ajjA io ver ^-^ 
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&c^s of the animal shotild communicate by some conducting 
substance. Befbre the time of Galvani, it had been observed 
that musculat cbnvulsions were sometimes caused by elec- 
tricity, but in I7d0, he discovered that these take place when 
a muscle is connected with a nerve by a metallic conductor: 
dOon after this, Volta discovered that the mere contact of 
bodies h sufficient to disturb electrical equilibrium, and that a 
current of electricity flows in one direction through a circuit 
of three conducting substances. 

If we analyze these few fundamental facts, we shall see 
that Dr. Walsh discovered organic electricity, or that which 
exists as a natural product of animal organization ; that Gal- 
rani showed the conditions necessary to produce one of the 
most startling effects of electricity, artificially excited, upon 
organized beings; while the results obtained by Volta ex- 
plained the &cts recorded, but not understood, by Sulzer. 
^The principle once established,** says Sir John Herschel, 
'*that there may exist in the animal economy a power of de- 
termining the developement of electric excitement capable of 
being transmitted along the nerves; and it being ascertained, 
by numerous and decisive experiments, that the transmission 
of voltaic electricity along the nerves of even a dead animal, 
is sufficient to produce the most violent muscular action, it 
became an easy step to refer the origin of muscular motion in 
the Hving frame to a similar cause, and to look to the brain, a 
wonderfully constituted organ, for which no mode of action 
pos8es£dng the least plausibility had ever been devised, as the 
source of the required electrical power.*' 

That such has not yet been proved to be the case is per- 
fectly true ; and it must be confessed that electricians are &r 
more sanguine than physicians upon this point: but we agree 
"with Professor Daniell, that ** there never was a more tempting 
field of research, or one that offered a higher reward for its 
SQOoeaBful cultivation.'* ^'In these electric fish," says the 
same writer, ^ we behold nervous power converted into electric 
forae ; it cannot be doubted that the converse of this is po6- 
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flJUe. We ta% hawmna:, oaiy npini Isbe thnahmM of 
faqniiy of sarpaBBing iataiw i l, *.**] 

It «nl J MBuunfl^ to ooaelade tin chsftas, tfart we fiienM 
fli^ a wad of wlist IB cdOM lAe j^rnf Qf^pcri^ 

Hub has propedy aeiilicr b^gmniiig Bor tadmgz it ae- 
BemUes noae ^of tlK Barves «f mMA. wt Ibto Mtkeite 
gpeakmg^ «ad wiMsh iobbjII be Bhsiva to ongaBtoat 
determmate phoCy-eililierofiiielaiByiar a^^ The 

sympathetic, on the contnay, bbodb to spna^ fli^ as it wen^ 
efieiywheie: and to be, m het, a celleotian cf gmgim mited 
ti^gether by tmraaaeEabfe Bcrwiwa Oammta, and 4HBidii^ eat 
cttheiB to aU tbe ootgans fomid m the gnat cantis of tiie ciiest 
and sSbdameHj «ad geneiafly icnvwn b^ Amvpfmpaate tena^f 
vital. Tn fBidf wherever an yirfimny neEveameB eff Aem lihe 
spinal marrow, iiiere the ffympatheticiB SHre to faaire aidtBtuHt 
^aaient Bent to it dko (see last ptote); i aH a mmiiy that Le 
Gallon iconiehideB it to arise from aB Jjbeaijptoal3nan»w. The 
filament, in ihe -first iastanoe, roM into one «f these small «bI- 
lectioDB -of gimy brain-lihe matter tamedagai^giiQn, and it is 
here ihat it beoomes, as it were, inceaqpoEatBd with the ether 
filaments «f ibe jsympothetic system, and cndoed with tls 
peooBar peopertieB. it une at one time thmig^ that ganglia 
were peoolxKr toiMs nerre^ wiience it was Bnpposed that they 
Blight be somomy oenties fbroombimBg theaBtiensand fc«J*qy 
of the different parts which deiiyed Berves Anm this flonm^ 
end thus bemg the means of prodncuig jyayflilfcy, the siame ef 
9ympatheUe was. given to the enthw Mfsbmu Bichat «ph 
went so far as to consider it a distiBet vyntato^maA ftuto Inde- 
pendent ef the oihei^ or DerehroHBfnnal eyBtesu The hitter, he 
8a|)poBed to he the oentm of mumal li£e; thatlifehy whiA 
we peiformadl vidnntBiy motions, and maintain «iit ^wmntnmift 
with other Banmshi; tfaeioGhner, he omndamd jb iim seat'er 

[* Another lias T)eea aaded to our short list of eleotric anlmalB ; onlKlBQrl^ 
1889, Mr.TandleKhiiHedeD'theBBtomalAgioal ftnrilnfj rtTTirtiflnn n Bigii Mi 
w&ty hahy caiaptUar, a JoaOn of Sooth Ain«rte>, yitbkihm togathar with flie 
eleotrio eel, the toipedo, axid the Tremhleiir of Bxooanmiet, poflaeeses the powv 
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vidwl ezisbBXicc^— •end m the bnimioid fiprnd unwrow, tikioug^ 
)tiba Berpes iriddi iiifij |;iFe iM, diiBct 4ill okt aotMiis in ike 
one, so did he suppose that ihe gutglia wcm fl» anaaiy dnfeaet 
fittle haias ica -ptm^at^ ^amst all the iafenal notions neces- 
<flBay to Ijke JbeaUiiy mtialenace «f tbe '•tiber. This idea <ot 
Hhe. ganglia heing ae nany hcunaia giiran ti^imt^edistaa- 
InrtioB t)f £tBolaaas Is jDearljrsadiLaaiBBawHa-dajs adxnzttafl, 
Aongh the tdutnctaess of ti» two sgrBtani is no laogeac aoaui- 



An iiapaciaiji ^Uffaience m the mode of jadiim of thu 
i^ that it is not imderthe diieeticA of tJbe will* The me of 
4hss is fiveat and obvioas:: the pasts sup^^ted by it^ and ded- 
iving thfir Titaleoeigy £rem k, mam of soch a nature that thdr 
functioBB ai» Tequixed to proceed iadepaadeatly of onr TolitiKxa 
or Mtentioii; in &et» vhUe we a» teke^, as -well as when ve 
are airake. Thas the heart, wMA is cbnadaDtly sap^a&i hy 
IxEanehes of -jftie a^rzapetheiic ner^e, heats nj|^ and day^fivsn 
4;he momont of our huih to that .of oar death, vdtthout xe- 
.qairing from vb any eareior painiE^ and ite ceasBtion would he 
hBrtantly &td. How wise then the pvmdon, lihus to wifch- 
^Aeaw ficom the naeh of our will or •cajprice, an oogan on the 
jietion of whioh'our whole life depends; and hestow on it a 
new and dsffierent principle of acliaQn, whidi, while itimpels 
ita muides "constantly to conlfcract^ at the aame tione Tdieres 
'them £rom evfsr fiaeimg that sense of laaaitatde and weaEmeas ao 
OYerpowieiing under oontinued ezeition ^ what are called the 
-voluntary muades. Eqval wiadom is ohaervahle xn the peeu- 
Iiar kind of sennhility with which it is andued. The nerves 
4ikat arise fioat the p os t e ri iorcphimns of lhe.aptnal aaairow and 
terminate every where on the surface of the body, serve, ^hy 
their power of conveying impresmons, to give instant notice oi 
the approach of whatever, by its continuance, would be in- 
jurious or detrimental to the entire frame. A man who acci- 
dentally sufiers his hand to touch any body of a temperature 
higher than is consistent with the existence of an organised 

2a2 



356 IXSBLYOVS 3T8TBH. 

parC^ is at once wonted, by the pain of the hum, to withdraw 
it. Were the injuiy aooompaiiied by no pain, it is evident, he 
might allow it to proceed nntil it had reached some vital part» 
when his life wonld be the sacrifice. 

This obyions and simple rcasmdng at once enables the 
physiologist to reply to those discontented yifflonaries who rail 
at the ezistenee of pain as an evil, and imagine how we ought 
have been finmed so as to be insensible to its existence. The 
aame reason, howerer, by no means will extend to internal 
organs supplied by the sympathetic nerve. Any destract^ve 
.cause, to reach them, mnst have already penetrated the BeaiBi- 
iive smiaoe^ where, of conrse, abundant notice of its presence 
has been given, and all further is needless. We find, there- 
ibve, that of ordinary sensibility, the sympathetic system is 
totfdly devoid. No man can tell what part of his stemacb or 
bowels is full and what part empty, though he would havie no 
difficulty in saying whether one of his hands was Ml and tiie 
other empty; nay, so completely is this nerve devoid of ordi- 
nary senedblity, that it is said, its plexuses and bvanches may 
be cut, or pulled, or twisted, without the animal i^pearing to 
auffier the least pain. But we know, that this insensilHlity 
does not extend to cases in which derangements occur intiie 
functions over which it is set to watch ; let a man be smsed 
with inflammation of the stomach, or spasms of the intestines ; 
let him have a stone in his bladder, or an obstruction In ^ 
gall-ducts, and then ask him whether his sympathetic nerve is 
not capable of conveying the sensation of pain, and tl^erely 
. ^ving warning that something in the system is going wtosf , 
and requires correction? 

We have thus completed our view of the genml nervoas 
flystem. 
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Cbaftba XI. 
THE OBGANS OF SENSE. 

Fits aenses aire generally- attributed to the most perfect ani- 
juals^ viz. sights emell, taBte, touchy aad hearings of which the 
ciyCy the noae, the tongae and palate, the skin or general 
surfiMse of the body, and the ear, are considered the appropriate 
0]{gans. Every animal poBBeases one or more of these facnltiefl^ 
-which enable it to maintiain its cimnexion with the external 
world, and deprived of which it would, in fisict, cease to be an 
anonal. For had it no sensations, it would want all stimulus 
ta action ; but thought and motion are both action, and would 
both, therefore, be extinct ; and the animal, fixed to the spot 
and incognizant of all the objects by which it was surrounded, 
would oease to be an animal, — it would be a plant. On the 
contrary, the more sensibility an animal possesses^ the more 
ttieigetic and frequent are its movements : the oyster, which 
in its perceptions is extremely limited, scarcely ever leaves the 
attne place, its movements being chiefly confined to such mus- 
cular contractions as take place within its shell ; while the 
bud, endowed with sensibility in a high degree, is always in 
«lQtiein. It has even been thought that the same distinction 
might be extended to man, and that those who receive very 
lively impressions from their senses, exhibit also a greater 
peirtion of energy and activity ; the modifying causes, howev^, 
become here so extensive and numerous, as to make us ex- 
ir&skoiy cautious how we admit any general rules. 

Touch is the most generally difiused of our senses, and the 
most generally usefiiL It enables us to acquire notions re- 
specting the figure, size, weight, hardness or softness, tempera- 
ture, distance, &c., of bodies, and the great number of different 
objects to which it can be directed have caused, particularly of 
late years, a pretty general impression that it should be con- 
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sidered rather as many than as one sense, fhongh the mode in 
which it is to he divided seems not well agi^ed upon. Sir 
Charles Bell particularly, and we think with jnst grounds, 
insists on the necesdty of distinniahing a sense of mnscnlar 
contraction, or what he terma^ ''a coDBeioiBDeflB of the state or 
degree of action of the mnscles.'* That we possess such a sense, 
is cfvident, frrai ovr feeliag fte effects ai ofeivesertibn mti 
weariness, fimn the pam whkA & exeited is 119 hy spasms^ 
which are ncrtH^ng' more than the sudden, fticihle, and inTO* 
InxtaBFy eovknetioBs d inoseies, and from our hemgcapaU^ of 
eatimatii^ fte weight of a hody hdd in liie bud, whtEdi b 
GBfy JBds^^ of &e qvantiiy of mmenfar exertion iwceauury fo 
Ixep rk horn ftOiBg, hy its own gravity, to the gremndl It is- 
th» SMise aibo, that eoMea us le legufaite s31 onrpositioBS sod 
motioiK, whidi are, in all cases^ the ^feets of muscuiar con- 
traction ; so ftat it applies to » grevp of objeeCs per fe c fly * 
nni&RB, and ^pdte &ti]ict from the opeiaLTuns necessary to 
jndlge of tempeiatnie, or perceive pam ; we may, therefore, 
itasHial^y admit, that it is a pecnfiar sense, aend^ aeconBi^ to 
Sir Charles BdPff thewy, h thefelbre miirataed to by pecn&r 
nerves. 

It is trae, as h6 o^bserves^ r&at those nerves. In ^most tS 
cases, hecmne mtimaitely connected with the nerves of oomnMNi' 
sensibHity retuxoB^ from the akin, so as to render &csr anato^ 
mical separation difficult or even impossible ; and this has 
beoi, doubtless^ one reason why the sense of pain an J He 
sense of muscular action, though evidently so £stzDct^ bsw 
for such a l<mg time been united under the common name 0^ 
touch or sensibiLLty. Dr. Bostoek proposes reiy nearly the 
same distinction, confining the term touch to ^the sense of re« 
astanee," and treating the sensations of beat and ei^d, of 
hanger and thirs^ &c., as specifieally distinct. M. Magendie 
uses the two distinct terms of taei and tou^ which ehieff^ 
Sffer m this, that in exerdsing the former, the animal is pa»- 
dve, but in exerdsing the latter, active. Thus, if while we 
are looking another way, ai^ object should be brought inter 
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e^tttaet witk aasy pert ai ovx bodyv we aze aeasible tliat sacii 
ceotact ha* lakea j^ace^ and we hare notioiia laiher gmeral 
»sd kidistiiiet of a ft w of tlie qualities^ siieb ae the tempeiar 
tnze and hasdnessy of the hodj ; this is Paet^ But if we see a 
body, and wish to inform ourselyes respecting its wdight, 
figure^ eoDsisteBce^ Scc^ we stretdi out the hand^ feel it, exa- 
mine it all iwmA, or attempt to jsaee it up ; thu^he eaUsldttcAb 
The Snrmer tiie& is iinroluntarj, the kfcter Tolimtary ;— the 
iofnaer is diffosed a^es the entire sm&ee^ and ey«» seems to he 
possessed by almost erery oigaoa ; the latter is ehiefiy exereised 
1^ a peculiar and appropriate orgaa^ as the hand in man, the 
JBitaCTifai in different animaTH^ Sec, ; finally, the latter may not 
Bupproioiatflly be cc«sidered as the perfeetion of the former, 
with certain additions, fcMr toaeh indades taety but sapemdds 
the knowledge of mnaeiilar contractions directed by the wilL 

M» Adek» pxeposes a diyiaion^ which may appear still mofe 
philosophicaL He oomnders^ that all the senses have two kinds 
ei fanctioas ; one hnmediate or primary, the other aaxiliary: 
tivDs^ the eye judjges oi light, the ear of sQimd ; these are thnr 
primary or immediafe functions^ and in the perfoimanoe of 
Ihese, the ear reeeives no assistance from any other organ* Bat 
bo4h the eye and ear can assist tike tooeh In judging of dia- 
tenee ; and thk s aaid to be in all these organs an auaiSiaty 
fsnetHMk l^w tike primary faaaetioit of the sense of tolldD^ 
IBL AdeloB eoncdves to be the jn^zn^ of tempeiatmw* It is 
certain, that by the touch (M. Mi^gtmdie's difisieio tod), we do 
ymdge of tempaatnre^and that na oUier sense wonld enable na 
to do sow We imght hear and see^ and taste and smell, as we 
49 now, bat without tondi, we shcnld never be aware of the 
csistenceof heatand cold. ForthamuHW, the sense of toodh 
m always exeidsed m performing this fanetion as we are 
aiways smaible of the temperatnre of the sunomiding atmo- 
sphere, and in this field the sense of toaeh aeqnires its greatest 
extend as it not only aiables us to jn^ of solids and liqnid% 
but even of gases, whkh are nsnoUy described as impalpable^ 
Utat hy imperceptible by the touch* We may, therefore, con- 
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9n»igli1^ (ize^ mobilii^i difltaiicfli^ &ay ar^ivMi 9Q9(mdfli7: or«9^ 
)iAiy£aiioti0i)8^iboseinwlikiii it afiBtsta.iM? J^iimlledby Ibo 
otber senses. , , . . ^ 

- The objeot of the senses.belBg to make us acqitttinted witl^ 
tiie qusHiiesDf foreign bodies^ it therefore became necessaiy^ 
as a primaiy condideo, that their oxgens should be phiced iu 
the sur&ce of our bodies; aiimtenal orgttu ooiddnpt maint^ 
all extetnaL oonunumcatioiiy save through the medium <! 
others. A fturther condition we may also notice to have be«i 
adhered to, in their strofitare ; — they mu^t consist of two paa% 
the one utuated moce de^ly, eonsiBting of the expansion 0£* a 
iisryey in direct oommunication with the brain, and coDjti-^ 
toting, 89 it were, the more immediately vital part of tibMi 
organ ; the other external, placed on the surfisboe, meant to cp^ 
oentraite or modify the external impression in such a way as >o 
adapt it to the peculiar sensibility of the first part, and itsdjT 
constructed generally more in accordance with the laws of mo- 
fihanics^ and capable of being imitated or explained on theii 
^rindples. The most beautifiil examples of this, we &kaH 
presently have occasion to notice in the eye and the ear, which 
aare seyerally the expansion of the optic and auditory nerve bor 
Jiind a telescope in the one case, an ear-trompet in the otiier j 
,but it will be found equally applicable to the oigaa of touchy 
which, we must now proceed to consider. 
' The whole skin is,. in man, an organ of touch. It c<msasts 
iessentially of two distinct layers^ the dermis or true skin which 
JB uotemal, and the ipidermis or scarf-skin, which is external* 
.The fonner, which constitutes the immediate and proper .e^ 
.T^pe of the body, is formed of fine, pliant, flexible and exr 
fusible laminse, closely matted together and perforated by 
i^umerable exhalant and absorbent vessels, for the purpose; fii 
^carrying on the perspiration and absorption which take pl^o^ 
fjfom, the .surface, as wdl as by the sentient extremities of th^ 
i^ervesi which a microscopic inspection shows risiiig throi^h K 



fhmM!i\^:piifllMm taftitGNt? W oteidi^tho seAse of \vKieh Wd 
«M nbW*«|Wi^(lbg[; '-Tfa^ tto«ibre/ eonstitote i^ intex^nU 
pa!ttiDf'th0<iigttit'; lMit'>w«m'>they4iMctly brought into con*'' 
tact irith'tfae'^bj^clto of wldoh ^tff acre' to jndge^ they would* 
from their extreme sensibility^ give us scarce any other per* 
eeption thfta that of pain, whioh we know to arise when any 
sensation is catrried to exeeai. To prevent this, therefore, tH^ 
external part of the organ of touch is added, viz., ihe scad^ 
skin, which is a fine tzanspaxent flexible envelope^ placed oyer 
tiie entire body, completely insensible itself, and sufficiently 
iF^hmtmg the sensibility of the nerves of touch by interposing 
ki^ thin membranous substance between them and the bodies 
which they are to examine. It is this scarfnddn which is re* 
nioved by the application of a blister, and we well know what 
pain then results from the simple exposure to atmospheric air 
of ^e improtected ends of the nerves. 

The uses, then, of the two parts of this oigan, are perfectly 
distinct, and they have this peculiarity, that the external is 
TiB^d to diminifth the force of the impression before it reaches 
lAi^ internal, while in the eye and ear the object seems to be 
i^ (Concentrate and increase. Some philosophers have started 
the idea, that the touch is to be looked on not only as the most 
generally diffused sense, which we know it to be, but as the 
iiombion sense, the parent sense, that of which all other senses 
are but modifications; and certain speculative physiologists 
have transferred the idea from the sense to its organ, and 
assert, that all other organs are merely modifications of the 
Akin, vrhich, as we have shown, is the general organ of 
toudi. As long as we confine our view to the organs of smell 
ffiid taste, there appears even much plausibility in this opinion, 
as we have already shown, that the mucous membrane, which 
lines the cavities of the mouth and nose, and so constitutes the 
ia:temal part of these organs, may fiiirly be looked on as a con- 
tinuation of the skin endowed with new properties suited to 
its new fidtfoation; but when we come to consider the eye and 
to, the theory becomes altogether untenable; there is no part 
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of thtf skill vnHk yMdk thej bear miy mA muAagj m to 
atltlemsiocaHitetiiem aa* ModifieBftioDs of k^ and the i»* 
tedem ^ tha cbdziB#<HBi Imm inrait dd fluphmation men 
ftaaibie tiUHi ^a* "wMch aiiaes from caiindeniig tifeeae- organa 
zeapectively aa tha parfect deTalapemaBt of the hM if ahmiiti 
Besides beh^ anoigaiiof tovdi^ that akm la atooi meant to 
he an organ of piotecCkm: the conditioiis neoessairj for each •£ 
these ends axe bi> hiDonaisteiily thai tibia* one can only he pep- 
fated at liie axpeaae of the other; aad aa delicate aoBBibility 
u etidentfy jboiv zaiportant to mait thm to other tmimahs 
wMle these latter, bdng^depfived of the leaooRea afibrded hy 
leaaoiiy aie noie dependent ob thdr atr a atiiw te dsfeoDe 
agaiBst extenoBi Rvjiiry^ and bo stand more in seed o£ ahrfter, 
liv acooriBBgl J find that the iddn m best adi^ted in maato 
aoBwer the foimwpmpose, and in the lower aninaJa the latin. 
It is further adapted for this, hf the addStkn o£ fixr^ biifllde% 
haETy feathefs^ erat, ahs^ (ke^ all of whieh muBk evdde&tly 
dLnmish its ulJEify aa a delicate ergsa of tact. WlMn tba 
ktter ecHicStiaH^ howeTer, becomes ag«h Beqini^ meana aoB 
taken to enaora its peaence, and the wide nHabxanooa wiag9 
«f the bat» thieldy aopplied with nnroa^ ate aB> i ihiiBMly aeae* 
ailiTey as to enhle it hj this means donsy evn when ita efm 
are put ont^ to> adoad Biam«roiis obstadn plaeed in ite wa^ 
Bnt the perftatim of this sense aeems- i» he sitaafted in tta 
InBaanihaad, th«Lwhidi th»« is no oigan nuara heandifa^i 
adapted lior its eKeadae^ Sitaated at the extsaniiy af a kog 
tedUe krrei^ it can he- eaaily appKed and moTad in all 
taona lennd the object to he examsied; compoaed of sei 
aaaaU boaea (ao mamy aa twentynseiwiX it ebtains frank their 
aetiMa on each ether, a anffiaient degree of fieosibilityy wliidb 
hecomea mndb iDdeaaed towards the en^ where the diviaiea 
isio separate fiofen takeaplace; aa^lied wiUi acarfea nana^ 
nras and hig^j aensitiye, supported, partienlaady towards Aa 
ends of the llageisy hj a soft pn^y cushion, which eoablaa 
them to be implied widh the greatest aecoracj and effect, whik 
they are stnauhted and caccited to the act bj the xaah of hleod 



to the fine 'vaBcahar tnme in whsdb tkrfim imbtdded) ih*- 
basad Mncentacatoft in iteif CEfVf^r Beaeaaasy cpufificatiott lor. 
caunsian^ this iOMe in its gnatesfc: ptdMieD, and imnt maM&- 
US to obtain p«rcq)iftioiift &r exctUini^ in aoGnneyand cleanmeaa 
any ibat eaQ be obtained through raeh orgaiiB a» the lipe^ thef 
paw, the tail, the tentarola^ the antenaff, or the barbelaby the 
lower oniiDaLs*. 

From Tooeh wo paa» byaneaipp^ tianstlon to Tmtey^ whiel^ 
in &ct, is bj maay coiuddered laeraly a modiAeatiDn loi tiift 
fiasner aeose; nor does the idea seem to be wdiheat snffieienl 
grstmds of sappovt* As it was neceasaty IdMli some seaav 
ahonld be bestowed on &e exterior siB&ce of our bodies^ t» 
^V9 waraing of the af^proach of any injncKNia or noxious sob- 
49laBMe, so wonld it appear advisable tint the aeeess to oar 
iademaly or alimentary saxfiice, aboald^ in Mke Ruamei^ ba; 
guarded by its peenliar sense, the ofioe of which should beto? 
ftTcamane aH matten which were to come in contact with it; • 
and rofuse to adnut them, if tkeis sensible cj^nalitiea appenedl 
t» denote that such eontaet would jan/ve ddetetioas. ISow 
tidaoffiae is perfbimed by the sense of tast^ which is thas't» 
o«r interaal smftce what touch is t» ma extaxnal sarfiMo^Hr 
guard to warn it against sach eontaet aa^ if prokaqied, night 
be prodHdire of injury. This anaiegy ia farther borne out bjr 
eawtmifHng the anatoBUcal stra c titro oi the tongve, the pai»- 
<^al seat of tloa sensation. The tongue, like many ether paate 
<^ the frara^ haa mon than one fonctioa to petfena; and m 
oonaidenition of tiie naluro of these functi<»s wiD, iu genenl,^ 
be fMmd the best guide to the sfirueturo of the part. Tiros, in 
tfte present instancy the tongue is refuired both to aid inite 
£)nnation of i^eeeh, and t» coBstitute the principal oiganaf 
taste; for the fonner purpose it innet be extrandy laobSke^ 
and therofore futnii^Md with aibmdanee of maeclsB; fiirthe 
latter, extromely sensitiye, and thereforo profusely suppfied 
with serres: both these csonifitioBS aro compiled with. Fur^ 
Ihennoro, as Aese nesres are to ccmstitute an oigai of aoDSCy it 
be neeesavy, as we before stated^ that they should be iSa^ 



tril>utedou the. mufece; we nay tlierelbiei«oiibldd^^ that the 
mn^cles mu^t occupy the lower and inner parts of the todi^e, 
aa4 the necves the upper abud <saperfieuil-"MhiS) too, is the ease. 
3ut we can advance another st^ : the {object of tiiis eezifi^ b 
the sapid qualities of bodies; but these cam only be appreciated 
when in a state of lique&ction or solution,^— -if a perfectly diy 
body be applied to a perfectly dry tongue, there is only a sense 
of touQhy not of tctste^ — therefore, we may conclude, that the 
sentient extremities of nerves which are to judge of the taste 
€i bodies will be covered by a fine moist membrane, and placed 
in. such a situation that provision for constantly maintaixihig 
this moisture shall be made; and a moment's oonsideratlon oi 
the mouth and tongue, with their mucous and salivary glands, 
will show how beautifidly end successfully every one of t&ese 
conditions has been complied with, and how admiinMy the 
oorgan is adapted for the performance of its important duties. 

The tongue derives its nerves from no less than three 
sources ; and this, again, is a necessary consequence of the 
complexity of its functions. The sense of taste seems 16 
depend on the branch which it derives from the fifth paiir, and 
as other blanches of this same pair are those which supply the 
general surface of the &ce with its sense of touch, we find he#^ 
another and very strong point of connexion between these' two 
senses. It has been doubted whether the fact be as We hanne 
stated, respecting the sense of taste, which many physiologists 
weqe 'inclined to attribute to a peculiar nerve (the > ninth )^' 
satheT'than allow it to be a property of a branch of the ner^e iA 
oonunon senability; but M. Magendie's observations -seem 'f<^ 
us quite decisive on this point ; when the trunk of <ihie<fifilL 
pair^ was diseased or cut, all sense of taste was lost ; *^ "E^ff^ 
thing I ate," sud a patient of his, labouring under this aSbotii^^ 
<^'8eemed to ms'to be earth,*— I felt as though I ^^le'-eaikti^ 
earth.'* ■■ . - • .lo /iMut 

• For moiibh,, the tongue is supplied with the t&tAh' pttfi^^ 
n^ve3>^ and comparative anatomy indicates thi?, tQ.,))f .]^]u4f 4^p- 
propriate office, as in- fishes^ in which the^ tODglM 9» 



9lpf7^iibutfi9{ hfm^i. doviA to ihe-floDT of ithdiittioutlty' it ito 
iQl^eir ; p^eiToa< lUufi pair' o£ newQSk But there is a m&t&otk 
p^4@ct]^ 4i9tuict fifoia thaA inquired for i^eeeli; and irhieh it fe 
iiot les9 e99eiitial the> tongue should, possess ; this is the inoti<m 
f f »tbQ jbHigu^ ji»C9aamy to assist in jswallowing, fltnd to stimuhile 
i^ to this.pecniUsr action^ it is supplied with temjches from th^ 
glfi990-pl¥vryngeal n^re*, the remaining brandies of which etre 
4i8trihuted along the phar3mx and gullet. By this a most 
luiportant end is answered^ for as soon as the morsd, aHer 
t^ei^g che wedy is transmitted to the back of the t6ngue, ail these 
parts aare at once called into harmonious action^ and the safe 
^ranaDoiasion of the morsel from the mouth to the stomach iii 
eosured. . 

^he contriva^cey by which as much as possible of the 
a0nftient extremities of the nerve is exposed to the s^id body, 
is siinple and obvious. The siudfoce of the tongue is not smootii, 
but roughened by numerous papills, in whidi the nerves ter- 
^jinate, and which rises above the general leveL By this 
ir^eans the sapid body, when dissolved in the saliva, is applied 
1^ only to the end^ but all round the extremity of the nerve, 
sa that this latter may be said to be literally soaked in the sub* 
stance which it is intended to examine* 

Attempts have been made to ascertain to what peculiar 
constitution or formation it is owing, that bodies possess dif** 
£arent tastes. Bellini and the mechanical school endeavoured 
to eixplain it by the form of the atoms, or molecules, of which 
|he body was composed ; thus they supposed that if these wens 
^imdy.the body would be sweet; if angular, that the body 
j^iQuld have a sharp pungent taste. This mode of accounting 
f<^ sen9ations, by referring them to physical prc^rties, which a 
^ment's reflection will show they resemble only in namty and 
iti9t in consequence of the imperfection of language, is now 
justly and universally abandoned. With some more show of 
faaiQAi others were inclined to attribute the sapidify of bodies 

" ''* 'iftoHfhpliarifnsttAt sapplying the tongue and phaxTiiz; from 7X0^0-0;, the 
teqpwt and ^a£vy$, the yhaiynxi or top of the gullet 
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^ their flhankid eom^iMitiM; bat'MBwmmiif A^&ag^bB 
■flifliinilfy^ aad Aef were wiiwii tfUe to agsae •uiwi g i il tinim 
«dvm i» idnek «f tiie €l»i«te «f fcodieB Ikey dbo^d BoppMe 
i&oM Hpid pDBoiple to be sttached. M a p q a er Aefined nptdil^ 
te he &e i^ndflBcj' wMeh a hodyr has to «oonl)iBe ^tibi iiw 
ioBgne; and Ifa^fendM hovi^ utw e impd tint ^raiegar, the 
jmnoal 'acidi^ md wTlaiii fltdia^ ^isodaDe wt'^Kott m tiie ept* 
demifl^ or investiiig monbrane af the toqgac^ dkangiDg^ it to 
yellow^ white, &cc^ •eetasm ineltoed to tidopt thewne Kfj^ndxmz 
^perhape^" he bbj% '^ to titis sort «f Odmhioalioii may he wMn- 
hated the difPond ktode of iBrprenoiB made hf ei^id bedia, 
as well aa titt variable dtraiiioa «f thoae imppoBsioiiB.^ We omi- 
few we haye no conception of this combination betweoi ^»sni- 
iaad and naoscganized hodiea ; we «an mp how the latter, as in 
HiB -caae •£ cooaticiBy viay dkatroy the fonacir, hot 1iiat a fitHe 
hit (fif oar tong^ heeoBKBB usited with •everyOuag' we tester 
whieh is the doetiiae of oonibiBatien ptft Into plain 1<^^»*, 
SBcms to us '80 extveiaely haprobable, and, at the eame time^ 
afierds so Ittfile iBformation as to howtastetakes pLuse, that we 
HmBt decQine leeeiviBg it mrtil some hettter prsof he c/B&eL. 
Par our parts, we frankly confess we do not know why one 
hody has taste and another not ; we look on eapi^tty to be a 
iqualitj inherent in some bocSes and not in others ; hot of the 
leasen for thoe ^tifference we ore completely ignorant, *ner ^covdA 
any one detennlne & priori^ respecting anew body windi was 
fMsented to him, whether it should haye taste or not*. 

We have now considered two of the senses, which we have 
tomid ocBupied ciiiefly with the qiudities ^cf matter •esasls^ ia 
uasBBB af apprsciable balk. Thus the IxMieh is principaQy 
aoeagpted with seiid hoilKes, of which it eeftamates the wdlght^ 

l^ ** Bweetnesaand lAttemeas, like acidity, aeems to depend upon no particniar 
fHnoiple, Imt <to 3ib mgalalbai ^ ihe -state of 'OomWoBaem in wfaidi the mmt 
principle ezifit At diffecent times. " Sir John MmtchA^^-JkA 1ih» state of nsmB^ 
nation in Which these ininciples do exist is being daily more and xeferred in 
tfitetdD acticn,lit isgostilbletluU their -effect iipon ear s eiiDCiu may, in time, 1i» 
also referred to the same cause. When the positire wine of a galvanic pile Is 
applied to the Op of the tongue, and the negattvewise touehes some other part of 
it, an add taste is oaused ; ^iianliieiSlesiire wvansd, ai»«BgtelMooonMaktfaBB3 
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lamii, eoheMB, woA oilier fropertieB wiudL aoflfeciiles pMsaqs 
mhsm. sabed ^ the blo^: tke teste joqmiiing Umk HqjaefedHUi 
aoMy be snd tojwlge of tbenL jwtat ^e sMmort wheii'aboutfi 
te be sepantod ; wkile « iMrd jense, tiie flmdyi, ite wMeh n^ 
flow fgraeeedl, vpfsedBtes •only 'cerftaii^ lAdovoiB moleoaies jafter 
iliiey a]»«Btiidy aep aiatod foom ibe waam, ami. iwwrejed^ as Ik 
ver^ m a gaaaMB aofadMii, ii> «lxybeaa Hw daKcaiB Ik^ 
jnembxanK! of itiha immw^ winch iMiiig afbimdawily jgpplied witik 
serref^is iftnis lOKjpaved fe takiBg iM)^^ 
Huuy tiieBD tifaase «eii8eB are alfected hj aokaal amttut of tlie 
hoiy:, or pazts of the body, wbacih ^&i£y ffipaaaiBR, and, ibfii»- 
Jare, presflnt siali mtoGoBr point •of viem, m vdnob they may be 
Iflniced onas liswAsBid its medifiesatiamL ia Hhe .twodremamiBg^ 
-fiBBseSy-A^finflgir «mh? »,^ no ancii iocnteet {fcaleeB pb(Be ; m ^he 
£cBfe 0f thesiy it is imirflDmally aimitM thai no part ^ the 
vibratiBg bodyjuedbe m any vny braoi^iQfDBDtact witJn the 
BBi;, in order to ihe poodncingof flcnrnd, Ihe i7ffai»tory motia& 
■SDnmuuiicated to Isbe mr hemg sufficient £Eir thia parpoae; .aul^ 
in the seoondy the theory that huBoiieiu paiiiclftHj or moleciilei^ 
^Bia idxot feoiii the Tiailde body and impxoga iigaiaiat the /eye, jb 
JKt fEdUnginto 4&repiite ; aadthe nndnkStory thaory, 8iii|>ported 
hy HeiBohel, fiaewBter, Xardnei^ and most of the mathe- 
matical BdiodH, is mm ^genesaliy adejpted in its mtoA. Ihns, if 
w Tiew theamBesin the fEdiowing^ordei; taadb, tsate, 'Smell, 
a^^ and ■hmriiiig, we ifind them beeBamng, aa it wase, leaa 
material, less oocupied with the grosser fMnitirtlffs of bodies^ and 
Ihe Bameiorder will nearly xepneBent the eateat to i/vfhich these 
isenseB an forond diffused throiigh the Bcalefifaumal bei 
posewDg iiie first, and, perhaps, we maij^ «dd, the Mcond, whife 
ibe thixc^ iinxirth, and M&l, are freqioaDtly imperfeet or 
defidenl^ more ^adicuhDcly In the myfiitebsate idbeB. 

Tke -smell a cogBBseted by ao Bdany 9idks with the tsat^ 
iSistihB desctJflioiL of the one natorally MIowb that <<^ the 
iotheiE. Both pffimaxily deBtaaed to in&na na ne^eoting the 
siatore said qnalltiieB of onr food, th^ are bi^ Eotiiated at tiie 
«Maw«oegf the idiTOWitaTy oapaly and It wonM ev£nappsfirj» 






1lio«ig^theo!MirMOiil7am(ne)«fin«d«3Bfiftoite.of the<«4facrc 
tete infonning ns of tbt qnaUiiM of bodies ^nhmduMived la 
a liquidy amell when la a giteont or ▼olatilo..£oiiQ« fiven 
this distinction does not appear always to exist, at least if we 
allow the fiicfolty of smelling to fidies, as they must recelTe 
the odorons particles through the medium of water, not of 
air. The immediate seat of this sense is generally known to 
be in the first or cifactory pair of nenrea^ spread ont in the 
nose behind a very fine membrane, termed pituitary, or from 
its discoverer Schmeiderian; and we thns perceiye that this, as 
well as the other oigans of sense, presents the two parts which 
we haye described, as necessary to their perfection; the in- 
terior or vital, which serves for the actual exercise of the sense, 
and the external or mechanical, which is nsefol for the con- 
centration or modification of the impressioDu ^^ The oUactoiy 
apparatus,'* says Magendie, ^ ought to be represented as a sort 
of sieve, placed in the passage of the air as it is introduced into 
the chest, and intended to stop every foreign body that may be 
mixed with the air, especially odours." To enable it the 
more perfectly to do that, it is lined with a membrane of ex- 
treme fineness^ yet still but a reflection of the external skin, 
endowed with the power of constantly secreting a visGidniatter« 
fjBoniliarly known as the mucus of the nose. By this means 
two objects are gained ; the odorous particles are, as it were^ 
arrested in their passage, and kept for some time in contact 
with the pituitary membrane, and this latter is itself preserved 
moist and pliant^ necessary conditions (as in the case of the 
tongue, we have already shown) to enable the nerve to per- 
form its proper function. The inside of the nose is not one 
•smooth uniform passage, but is divided, in the first plaoe, into 
three principal passages, termed the superior, middle, and In* 
^rior meatus^ by certain extremely slender bones, which in- 
ject fiK)m its sides, fold downwards in somewhat of a sounded 
form, and are invested by the lining membrane^ of which wa, 
have already spoken, and which, thus acquires an ipcTOMjJi 
^j^lent of suxfiioe. This will be best understood finv^.aif. 



fiMkiM M the Mih)«fiiM-(nit( wMc^ id inMnd«^ t 
Ot BOW, dMdsd by « v«iti<Mi wotiw, and all (ibe right ]iaiC 
mnoved, WHS to odmiiaEiwiiupectioa of the interior of the 
Mt noBtril. 



A> B, andC; infeiiar, middle, ind tupaiiDr Mwtiu. 
1. Pint, 01 Ol&otorj Harrw 
S. Fllthpftira[N«>M,i>rN«m*«fdoiimtoiiBBUlIiiUtT. 

Bnt theK is a sUll farther complexity; For the ur passes 

from the two superior meatus into certain cavities, which exist 
in difierent bones of the head, (chiefly the frontal, ethmoidal, 
and superior maxillary,} and are lined with a continuation of thb 
nme mucous or pituitary membrane. It does not, however, ap- 
pear that any branches of the first pair, or true oliactory neire^ 
cm be traced into them, and accordingly M. Bichenmd fonnd 
th&t, in a patient in whom accident had formed an opening 
into these cells, highly perfumed injections conld be intro- 
duced into them without produdng any sense of smell, pro* 
vided the return into the upper part of the nostril were pre- 
Tonted. M. Deschamps made a similar, and, we think, mora 
■atisfaetory experiment, by introdudng air, strongly impreg- 
nAted with the v^wiir of camphor, into these cavities, as he 
liWe used what we have before shown to be the appropriata 
medium fiir bringing particles in contact with this sense; and 
*e may even be permitted to donbt whether a man, (f hio: 
AUMrils Were stttpped behind, and completely filled with KM*- 
Vrrter, w«aM have any perception of \h6 ae^t: divers, W 
Itttbv, 'eta employ th^ eyea Very freely under wrter, tit wtf 
2b 
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oerer Iward of thdr miiig ilwfer noMH. Jh» icflrit, h o w em, 
of K. Defldiampfl^ expcrinuBt^ wasike mne as ILBichaanid^c; 
and fixnn tlwse and ofiier obMrmtiDOfl^ i^ aeeiBB wd aaeae- 
tained, that the first pair of nenrea is that which. pecaKarijr 
jninistera to this sense; and as a refisienoe to oar plate wiH 
ahow that this nenre is almost entirely disfcribated upon the 
pituitarf membrane of the snpenor meatmy it must be there 
chiefly that olf^tion takes plaee; eonaeqaently, when people 
wish to increase the power of flmdl, we ohaenre them elose the 
month, cause all the air ihey Inhale to eater throngh the 
nostrils^ and farthermorey by narrowing tke passage thioag^ 
these, increase the force with which the air la made to impinge 
against their lining membrane^ while at the same time they 
give it an npward direction^ so as to cause it to reach the part 
more peculiarly destined to appreeiafee ita odoions contents. 
The same may be also noticed in petaona taking amiff, who 
always endearonr to dnw it up as &r aa possible. It is in 
performing this and sbnSiar offioea thai the external iioad^ 
which is itself insensible to seentB^ eoBAribntea to the pcx&ct 
exercise of the fiacalty. Fenona who have loet this aigai^ 
amell very impeiftetly, or not at all; and M. Bedaxd has 
established the Interestizig fiwt^ that sach persaua are ^tcry 
much assistedby the use of an artificial noae^ w simpie funnel 
ahaped tube, which may senre as a conductor. It seems not a 
little strange that, with the knowledge of audi a ftet b^bse 
him, M. Magendie should suggest any doubt aa to the nsea cf 
this part in smelling. 

But, in addition to the power of dJatrngmahiiig ameUle^ the 
pituitary membrane is also endowed ¥rith a sufficiently acuta 
share of common sensibility; lor the purpose of be aio w ia g 
which, we observe it is supplied with aooac braaehes from the 
fifth, which we have already and is the nerre of conHBUB 
aensibility for the entire head. The use of this proyisionls 
Extremely obvious, as it at onee informs us of the preaenoaef 
any irritating matter on the suriaee of the membnney mA 
warns us of the necessity of attempting its remoTaL Some 
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^Kms have thought that this ofllee nqgfhl hame been" peifamied 
:by the olfaotory nerve, but this emdatHij coold aafy b& fbt 
<mBBf yfhoL tiie offettfiiig'sahBftaGBce ms odmons; and Magendie 
bm lE&owB tfatt whea the fifth peir vas eni tfazoughy ervn 
thfi afarongeai itinnilantB xnighl h% applied to the memhzaofl^ 
fntiboot psodncangaDy aenaa of meaatneapw Indeed he even 
^nea 8» fiff aa to s^ thst, -wntik ih& dmnan of the ^&k panv 
the aenae of ameil coanidetely eeaaefl^ iridle the efiRoet la not ao 
cam^iMt i£y tibo fifth pair reuaiiungp^ the olfitefany aarT«s> an 
«taatn>7ed; whenee he iofen thai tha focntecr aie ahaolnt^ 
necBSBaiy to eoahle the latter to peifbnn their fnnctiaai. We 
. ase indybed, howem^ to thidk thai hen he went a httle too 
lar, in hia anxielgr to piove thefifikthe norvoof aU the aenaoa; 
li» seemed to aasnra^ that heeanae em animai aneezed^ therefoio 
Ik flmdledy whkh is endeniiya&iafr aaramptioi^ as ti<^dii|g 
-Vfith a Heather mil produee the fi)iiner inthont the hittae 
eSectf and, fisrtharmflr^ that becaosa on aaxmal did not 
(meeaaey or inthdiaw iia head Iran stiODg' vaiKum^ sadh as am- 
moiiia or acetic acid, thezelbie it did not amell ; a conchiaioia 
«qadttyBidb«nded, «ite*ahdairiBg ita headinmld beth. 
reaolt of pain^ andpainwmtidiqipearixifiiQowthe nndnfteai^ 
estament, not of the olfiieftcny nerves^ bat of the nenrea of com.- 
xneii sensibility^ Xkwtor Breadiet rdbtea a 'my interestuig 
csuBB of a p^OBOii who had inherited firom his fiither a great 
obtoBeneaB or almost total deficiency of tho sense of smelL 
He was peifisetly incapable of distinguishing a rose from the 
«afrion-fiower (JStapdia hirsukt) if his eyes w^ie shut; he felt 
no i»sonv«iie!Bee from the most fe^gaae^ until their esitrance 
isfco his lungs produced izritating eSecta there; to the aoent of 
asnff he was^ ci course^ perfectly inaenaible^ yet he iwik it, 
was eapaUey by its effiact on hia ptoitaiy monbiane^ of dis- 
^emng between eoaise and fine, and even sneezed very readOy^ 
If the snuff happened to to be firesher or more pungent than 
naoal. In this ease, a more perfect amdysiawas made than 
condd be efiSected by any of M. Magend^e's experiments on 

2 B 2 
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Hying animalB, the fianctioiiB of th^ fifth pab weM p«rfeet^ of 
^e first almost obliteittted. ^ • 

The two lemaining sensesy Bigiht and AmtIn^, hanne been ao 
frequently made the sahjeet of popular disqtoi&tion, while 
optics and acoustics ha^e beoonie so much a portion of general, 
rather than physiological, science, that we may ttteat them 
with more conciseness than their importance wodid otherwise 
have 'required ; our object being, not to tieneh on subjects 
already femiliar to the general reader, but to endeavour to in- 
troduce to his notice those parts of physiological science, with 
which, £rom the nature of the works in which th^ appcsred, 
or the language in which they were enveloped, he has* hitherto 
had little opportunity or inducement to become acquainted. It 
is necessary, however, that we should briefly allude to a few 
of the principal characteristics of light, for the purpose of 
showing more clearly the perfect adaptation of the meohanieal 
part of the organ of sight to the laws by which it is governed. 
Light comes to us from the sun, and other luminous bodies : 
it has the properties of always moving in straight lines, where 
there is no obstacle ; of being reflected, and so making bodies 
visible ; of being redacted in passing through certain media ; 
and of being decomposed by means of a prism, so as to ^otr 
that, though in its ordinary state colourless, it is yet the came 

of every varying shade aoid 
tint in the countless obje^ 
by which we are surronnded. 
Of these properties, refrac- 
tion is the most importaitt, 
as on it the whole mecfaanistn 
of viMon may be in a manner 
scud to depend. It only takfes 
place in trauBparMit bbdies, 
that is, SQxh bodies a8< peaorioit 
the rays of light to-|asa 
through then,: und even 
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these f$Sl', to «e£raqty!if tib/e imy <H>me in a direction perpen^ 
dicular to their surface. Suppose, for instance, that abed 
<weore a piece of .glass^. or any other transparent substance, 
itaving a dencaty greater than atmospheric air : a ray of light, 
p^ &lling on it in a perpendicular direction, will traverse 
it to p\ in a pevfectly straight line, and without su£Fering the 
.'least deflection in its course. But, should the ray come in a 
slanting or oblique direction, as from «, it will no longer con- 
tinue in the direct line s tly but will, as soon as it meets the 
snrfikce at t, be refracted^ that is bent from its own proper 
course, and made to assume a direction, % e, nearer the perpen- 
dicular ji^j/, than its own proper direction, is. In this direc- 
^Hon it will txaverse the body of the glass, but, on leaving it, at 
•at the point e, will, a second time, be refracted; this time, 
however, it will be bent awa^ from the perpendicular, exactly 
*. 88 much as it was before bent Unoarda it^ so that when the 
, glass has its opposite sides parallel, the continued course of 
this ray, e «, after having passed through the glass, and again 
.«m^rged into air, will be exactly parallel with its former line 
of direction, and will just have the same effect as if the r^ 
had been moved a little to one side, or would appear to a spec- 
tator at jzr, as if it had originated, not at «, but at z. Now the 
angle, e ip^ which the slanting ray makes, with a perpendicu- 
lar drawn to the point t , at which it meets the surface of the 
glass, is termed tiie angle of incidence ; and the angle e i p*, 
which the broken ray makes, with the same perpendicular 
continued, is the angle of refraction ; and it has been ascer- 
tained that the proportion which the sines of these angles bear 
to each other, is always the same when the refraction is made 
by a body of the same nature. Thus, when the refraction 
takes place from air into water, the angle of incidence is invor 
,. ^iabfy about ome-third greater than the angle of refraction ; i^ 
therefore, the refractive power of atmospheric air be taken as 
unity, or 1, that of water voll be represented, by IJ. Esti- 
i mating in the saone manner, that of common glass will be 1^, 
and that of diamond 2). 
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These Ibwb are iavanaiUe, bntive nupf alter Bome <tf tk» 
oondUions of the experiment^ and conaider ^w this will aAefe 
the lay* Snppoee, then, tiiat in place of the penlMognoa 
ahcd^we allow tilie lay # to 611 mi oBa»4e of the triai^vte 

glaas prim w s r, it wOl, hf 




the law laid down, be 
fneeted into Hio fine o e, 
qppgnafiihing o p^ the pci^ 
pendicnlar to the Bozftoe 
nr, Anived at e, itwiB 
be again leficaoted, but as it 
** isnowpaanng&omg^asBto 

air, the refiaction will be away from the peq^endicnlar ep\ m 
ihat we diall hare Aothing like the pamllfliflm which, in the 
foimer coeb, ezirted between the incident fsid i«fraoted n^ 
Imt 1 will baye asErconed the doubly bent direction a • c a'. 
This^ at leasts would be tJie case, were a xay of light pertaify 
rimple, but tfaia wvary experiment has secv^d to demonstntte itB 
compoand natuxe, and, at the saaM time, let na mto the aeont 
of the origin of ooloma. For the u o imu l paits of which it k 
ODonposed hare not the same capability of aaffering flexma, 
they woidd, therafon^ aaange themaelTaB on a acaeen, <ar wall, 

according to Una la^MbHity ; and 
we all know that a lay of aolar 
li^t, j^ is bBoken by a pnan 
into aeveml darfiBBt lay s, fbaa- 
ing what ia uaoaUy tenaed Ae 
aofar ipwfnnn^ in which <he nd 
lay, r, aa bcug the least »- 
:fis&gible, is always foand at the bottom, and Ihe Tiolet lay, a, 
'as being most M£nngiMe^ at the top. 

If we now proceed to oonrider, not a auigie ny, bat a poacA 
«f mys^ that is, any mmiber of xe^ diveiging fiom one p«at, 
aadi a pencil wooid have its divvigenoB in some miMSom 
choired by such a paallelogmm aa wo first lepieaented. Wtg 
let a be the object from which the centml x^y, « J9, is diaeetly 
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perpqafHffliUr to x g, tihe suij&iQe of the je&actii^ body^ while 
iflteral niya saeot it with 
oii]«|iuty ooDstaotly ia* 




poweifiiUy i^&acted in 
pvj^Mitaoa «8 tbfeirdiFesgeiice is 
gzeBter. Hub i^^GcactLoiiy liow- 
«rer, is jsierdy suffid^Eit to pre- 
'wesA or dlminifth di^^geooe; 
It faaoBoi pzoduoe c(masergencey that is, make them all tend again 
to one central point. This, however^ may be managed, for 
though you camiot alter the direction of the rays, you can 
alter the direction of the sorfaee «on which they &11, and, as it 
ia ndih lefiBROce lo the perpendicular erected on this surface 
that they are beot^ y0a can, coaaeqaently, hy increasing the 
ohliqxity^ Increaae this bend- 
ii^. Thu8> ilxzyin place of 
being a plane sur&ce, is bent 
away £r(»n the object a, so as 
.to form as many distinct fiices 
as theie axe xays, it is evident 
tilie obliquity with which 
fiiese nys meet it is thereby 
Tery much increased, and so 
also win be the force witii 
which they are lefiacted, insomuch, that they will be com- 
pletely bent in, so as again to meet the continuation of the 
perpendiculaar, ttp^ in some part of its course. Now, as the 
object, a, was originally seen only by the rays reflected £rom 
it and entering the eye, it is evident that, if we could make all 
these rays, after leaving it, once more converge at a common 
' point, an image of the object would be formed at that point, 
which should be visible if received on a screen or other body 
interposed iar the purpose. But experience shows that this 
iQO.y be done by a ImSy that ie^ a redacting body, the sur&ce of 
which constitutes part of a sphere, ^and which, therefore, may 
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be consideied ae merely a polygonal fignra Iike.ihia.i|b<Hre^ eX'* 
c^t tluit the eadas Iuhto became iufiniiel j mnalll and munesoaaL 
J£y then^ a pendl of lays £Edl on such a paz£EU»y tlie cental lay 
YfiR pQ08 in an nnelianged direction (the line drawn thiongh 
tbe centre of a ciide being always perpendicular to its siii£Bboe)| 
bat all the rays on each ude will be bent towards this perpen* 
dicalary and that in such proportions that they riiall all nlti- 
mately meet it precisely at the same point. This point is 
termed the Jboua^ and it will be more or less remote, according 
to the nature and form of the lens» and the direction in which 
the rays meet its surface. 




We here see, in 7 m, a section of the form of lens most com- 
monly used, and termed the double convex; we also see how all 
the rays from any point, a, of which the central ray is per- 
pendicular to the surfiuse of the lens, are made to convei^e at 
the point a , and those from a at the point ^, so that these 
points would be accurately represented. li^ therefore, theae 
points existed in the surfisuse of any extended body, a represen- 
tation not only of them, but of all other points in the same 
sur&ce, would be found at the other side of the lens, in the 
place we have indicated as the focus, that is, a picture of the 
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body would be formed at this ntuation. Thus, if in the, oplyi 
aperture leading into a darkened room, you insert a Isdb;*1'^' 
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tKd pencil of fayd fr6tti eack pdSni of an object placed wiiUotzf^, 
sQcb as an arroWy -^n^ m tbeir passage through the lens, be 
xiade to comyei^y so as to meet their central ray at the focal 
distance; here, therefore, an image of the object will be 
formed, bnt nnilbrmly inverted, as we see above. Tins is the 
frhole principle of the camera cbscura; it is also the principle 
of the refractive parts of the eye, to the consideration of which 
we may now proceed. 

The eye, like all other organs, is composed of an internal 
vital part, the optic nerve, and an external mechanical part, 
the general globe of the eye, or eye-ball, which is so constracted' 
as to be suited for maintaining a communication with external 
objects. The anatomical situation of these parts is very easily 
leafned, and will be readily understood from the accompanying 
cut, which is supposed to represent a vertical section of the eye. 
Heie we notice, in the first place, the general case, or investment 
of the eye, which is made by a thick opaque strong membi»ne, 
evidently intended to protect the delicate parts within, as well 
as to afford attachment to the muscles by which the oigan is 
moved. This coat, s s, is termed the sderottc, from its hard- 
ness*, and, being imperviable to light, it places the chamber of 
the eye just in the situation of the room we mentioned above. 
For this sclerotic is not 
continued all round, but 
has an aperture cut in the 
front, from c to c, in which 
aperture is inserted the 
eomeay that beautiful lus- 
trous transparent part in 
front of the eye, which 
serves to admit light into 
the darkened chamber, and 

through which alone all the rays coming from external objects 
can find admission. But were this aperture entirely open, too 
many pencils of rays would enter the chamber, and so interfere 
wjth.one another tiiat no distinct picture could be fOnned, as 

* Prom rxKiifOff hard. 




«B know wcfnUd abo be tlM'Oaae In tiie iaAatmod room. If m 
fklaee of a flHudl apatiiTO the eoiaie wkudom were ihiowa open* 
jF» remedy this in tiie room, -tide draiten we dosed, md a 
«nall hole made in them ; in the eye an eacaetl j aimilar provi- 
wn ooeoia^ aameen, 1 1, tenned tibe iiis, is hmig aciess, and a 
amall apectcuB, 9, named the pnpiJ^ left in the eeatre. StiH 
Ae i^pnatos is not complete : ii is true that, under soch dr- 
eomstanoes, a picture of an external object would be £»nned 
botili in the roona and the eye; bat we have already s^wn 
diat 1^ peadk of raya firom eaeh point nniformly direige; 
are iherefiire ^aoe a glass lens in ihe aperture of the window- 
ahntter, beeanae nason and experienoe both evinoe its utility, 
and we find that a lens, x, superior to any glass lens, has been 
piaoed just behind the pupil of our eye, so admirably ammgRd 
hy a gradual diminution of its re&aetiTe power towards the 
•dges^ that even the ray which reechea it moat obliquely, is 
just 80 £ur refinctedasto e&aase its coming to the same &cns 
avith those nearest the perpendicular. 

So &r liie TesemblaDoe is Tery stiiki^ but here It ceesea. 
la. boUi cases a pietore is farmed hj the re&action of the rays 
nf Ij^ht eoming £nm the external object; but in the room, thie 
pixstare &Bs on a screen or a wall, and there is no result ; m 
the eye it falls on a living sentient screes, and vision is imma* 
diately prodooed. This screen is ihe ralma, which we have 
indicated by a fine dotted line within the acLerotic, and whi^ 
is nothing more than the sentient extceoaity of n, the optie 
nerve^ which we see behind, coming fix>m the brain, and which 
hem expands into a membrane, beantifiiiiy fine and ahnost 
iranqpasent. This last property would have the effect of again 
pennitting the rays of light to disperse, after they had been 
isollected at a fixsus, were it not for tike eioreltf, the third ooat 
nf the eye, which we see marked by a fine line intfflposed be^ 
tween the selerolic and ihe retina, and wiiieh •constantly 
aOBiates a quantity of dark eolouring matter, that serines to 
nendflr the retina opaqne, and absorb all the light that aaay 
txavmse Its aidiBtanQe. It is tfaas dark eokmriag matter that^ 
seen through the aperture of the pupil, always makes that 
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i^pesr tiaek : AlkibaMt, -^bai is penmis in^rima tibe eolmziBi^ 
xBflDto 18 -waating, «M «id to ha^^nd-eyei^beQKiM ihe tial 
2|iTRi by "Uie ncoMvoas Uood-Teneb of this emt is thai eiil*> 
dent. The same ftct is ef conafcintoc iamqMCi iniridte gabtiti^ 
-wtiite feirets (Uie tenn ferrefc-eyod has^ in het, beeome psD* 
veMtl Ibr the i^peamwe), and other awmaJs m ythom then 
SB adefieiency «f odeiujn^ matter as evisoed hgr the ^itenait 
afHiar hair and sUn. The cokwr of the eye, however, is 
MKzHBiiy esdawted hy that of tiie iri% and this, in a gnnft 
SMsauuie, depends on the greater or ieas iwiHH[atP8Pcy ^ iia 
textoie ; for the odboring matter, of whidi wo have spobe^ 
is aise spread on its back or inn» srafeee, and it is chiefly to 
tte lefledion of tibis^ shining thioiigh and -varioiody laofifiid 
aoomding to Uie mote or Ion refiactiiig atmotaie whidi it 
fa a v erw w , that (lie cokniT, as seen in &ont^ is owing. Hie iria 
la supplied wilh two sets of -Sbta, the one tmnkuv whiofc 
anve to oontrac^ the other radiating, wfuch serve to dflate, the 
jFOfSL Whether these iifans ase anaoakr ^or net^ has been 
BDodi ^^apated; bat as to the powez^ theve is no ^nestaoau 
A17 one niay coaninoe himsdf of it, by 'deeing his oyes befisB 
E loolang-ghisB^ and then suddenly opening them, so as to kt 
fte light €dl ^lU m thesi, whan he wiH pensetFO the papii 
which had dilated when the eye was shal^ now contraetang 
iridi jaftoie or kss j a p idi ty, aooording to the intnsily of the 
Bg^ .And IhisezponmentwiU also dhow Urn the dbjeet of 
fto oontraetion, whidi is to r^alato Ihe qaantiiy of light ad- 
mitted into the bad: of Ihe eye, and which, if too great, woaU 
injare the retina ; ao that the iris has a doid)le function to 
peifenn ; the one as r^iards the qnantity of light neeesiary to 
ism a disdnet iauige^^-tiiis is mechanical, and oonnnon to it 
ariilithe hole in tiie flhutter; Ihe olher, as regards the degreeaf 
farighteesB tolerable by the expanded nen^and this is yitai, oz^ 
at least, under Hie inunecBate diieetion <)f a vital principle. 

To eondnde oar anatomieal view of the e^ it is meniy 
aapeasary to add that it ooatains liuse diiliBct hnnunna ; 1, 
the aqueous, which is Iband hnmedmtely inside the cornea. 
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Mcglpyllig alltke spaee between it attd the UifSy^o' tluit the iris 
may be ^d' to 'bang floitiDg in tbis homoTEr ; 2^ tbe crystal- 
iiiie ' htuxkooTy ^hicli seems scaieely to> deserre the name, as It 
l»a S(did tfanq^arant substaxice^ in fiiet the bod^p^ of tiie lens^ 
iMit etmtamed in a capsule ; and 8, the Titreoos hamour, so 
eaUed horn its likeness to melted glass, and which occupies ail 
Aat hirge space posterior to the lens, not less than three* 
fourths of the entire eye-ball. These humours are of different 
degrees of density, all, ho wev^, greater than that of wat^ and 
iheifefore contribute in different degrees to the proper refraction 
tod convergence of the rays of light necessary to produce a 
distinct inu^. The aqueous humour seems also of use in 
producing that bulging out of the comeay whereby its anterior 
imrfiice is made a segment of a circle, and therefore endowed 
ninth the properties of a lens. Its quantity in the adult is 
said to amount to about five grains, and, as may be observed in 
our diagram, it is contfuned in two chambers partially separated 
by the iris, but communicating through the pupil ; the poste- 
rior, which is very narrow, containing only about one-fourth, 
flind the anterior three-fourths of the whole. This was best 
diown by M. Petit's experiment of freezing an eye, and then 
cutting it open, when the plate of ice in the posterior chamber 
was found ta be extremely thin. 

This is as much as we can say respecting the refracting part 
of the eye ; but we must add a few words respecting its more 
immediately vital and sentient part, which we have already 
said is formed by the retina or net-like* expanuon of the optic 
nerve. This^ we may perceive, is spread out immediately 
behind the vitreous humour, and embracing it like a capsule 
80 as immediately to receive the rays that have traversed it^ 
and by its refracting power been finally brought to a focus. 
As fiioon as their image is formed on the retina, the brain is 
informed of it through the medium of the optic nerve, and 
perception takes place ; if the optic nerve be cut, there is no 
communication with the brain, — ^no perceptioa,-r^ind thoi^ 

* From reUt a net. 
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xc&aotioix tkk«6 plaoO) mid th^ image is foimecl as petrfeet^)Mi 

ever, the eye is thoroughly and penxianently hlind. Them i«^ 

howeyer, one point of the retinA oa whioh Hght may Ml wUht 

out pfoducing;' any perception^ aiid it i/riU, at:&c8ty appeaf 

strange ihst that point is found to correspond exactly with the 

entrance of the optic nerve. The diseoTeiy vniM made hy the 

Abb^. Madotte; and the conclusion which he attempted, to 

draw from it was^ that the true seat of Yi8i<«. was not in the 

iDedna and the optic nerve, but in the choroid, which a refeis 

ence to our figure will show to be wantiog at this identicet 

q>ot. The argument, however, is invalid, as we know, thftl^ 

nerves perceive not by their stumps or trunks^ but by^ihei^ 

fine extremities; now, when a picture (as in the case of 

vision,) is to be formed on these extremities^ it is necessary 

they should be expanded into a surfiice to receive the picture; 

but this expansion does not take place precisely in the optio 

nerve itself, but on each side of the point where it enters^ 

The fact, however, is imdoubted, though we have shown that 

K; Mariotte's ooncluMon was erroneous ; it therefore becomes 

Jiecessary to consider how this insentient point is so placed as 

not to interfere with our vision of objects. And, in the first 

place, we perceive that it is taken out of the direct axis- of 

vision, — ^that line in which vision can be most advantageously 

performed, and which is indicated 

by a right line, asSy drawn through 

the centre of the cornea, pupil, 

and lens. This is the line in which 

we attempt to bring all objects that 

«re wish to see distinctly; and it 

is to enable us to do this, that the 

.&jr«8 are endowed with such a 

.-fiurility of motion, as were they 

loompletely fixed in their sockets, 

teb^ue lobjects- would be seen very 

limpetfect&yy or not at all, without 

he trouble of turning the. entire 
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head or body. Stifl, if the oliject Iw aomewbat pn^ongedy we 
see that a ray from some pomt cift^mr, miust strike en the 
^sentient pert ef tiie eye, while the sxib h direeted ^My 
towards tiie centre of the elijeGty so that^ did the eutiauce of 
€be optic nerye, in each eye, nctOYt, al the same momeai, the 
rays coming frooi &e aame pointy that point woiild be iBrimMe^ 
aad all objects^ at a certdm disteacey woald appear to vs to 
present a nmmte black spot at some point of their smfteet 
ThiSy howerer, is g^narded againsfc ^Hectnal^fy by the ciiciDii- 
atance thai the entranee of the op6e nerre takes f^aee 96 a 
different nde of the axis of Tidon, in each eye (that h, as seen 
hi the cnty to the left of ii in the right eye, b, to the right et 
H in the kft eye, i) ; bat the rays comhig fiom any object 
must always sfaike the retina of eadli ^e cm the aame side of 




the axis ; therefor^ as seen in the eat, when any object is 80 
situated as to be opposite the insentient part of the left eye, it 
is sure to be opposite a sentient part of the right. As tina 
insentient part, however, is Tcry small, it more frequently 
happens that every ray, firom every pdnt of an dbject, strikes 
at the same time on a sentient part of both eyes. In this caa^ 
two distinct pictures of the object are produced, yet we know 
that we see the object but as one. How is this to be exphdned? 
M. Dufour took the easy method of denying that we do aea 
the two pictures at once : the mind, he said, only took netm 
of one at a time, though it might change with great rapicBfey 
&om one to the other. This theory is refuted by a latt 
within everybody's knowledge: if you look with erne eye at 
an object, placed between yoa and taxy screen or waQ, and 
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then with the other eje, the olject appesn to oeenpy diS^eixl 
positioiis in the 'walL Now op^x both ejea» and the ol\jeci 
will no longer appear in dther of the positioBs previonsly 
«iiseryedy but in a poution between them both : it is eYident, 
tboif that we are not attending to the impression on eithcft 
eye, bat to the result of the impressions on both eyea. This 
la plain, bnt we are aony to aay we cannot give so satisfibD* 
txxy an explanatiOB of why we see but one object : of couisa 
these has been no lack of theoika. One will have it thaty aa 
both optic nerves meet before entering the brain, the unity 
Is prodneed at their point of junction: oth^s say that ^HbB 
«ffeei depends npon sane law of the constitnticm, or some 
general principle of visian, which oiabLes ns to see the object 
flingle^ independent of any mental im][»resffloiiy" and this opinieii 
we haye given as we find it^ though we are utterly at a loss 
to see how it can be said to explain anything. Thoe is still 
another theory, which aeems that most generally followed, 
viz.: — ^That single sight is the result of experience, and that, at 
£r8t, in£mts see everything double, imtLL the sight is corrected 
by the touch. It ia certainly yery hard to offer any proof <tf 
anch an opinion, therefore we do no know that any has been 
attempted: persons bom blind, and restored to sight when 
adults, have been questioned as to thdr sensation, and, though 
it is difficult to obtain anything very dear &om persons in 
aach a situatum, it appeared tolerably well established that 
they did not see objects double, which, so fiur as it goes, ia 
€^nst the last-mentioned theory. Should a person squint 
aocidentaUy, aa occurs sometimes during an attack of fever, 
or commonly when a person gets drunk, and so loses the com- 
mand of the muscles which direct the eyes, vision immediately 
becomes double. We can produce this e£Fect in ourselves^ by 
&dbDgour eyes on any object, and then, with the finger, gently 
pressing one eye from above, or towards one side, while the 
other remains fixed : we shall then see the object double. In 
all these cases, an interference with the parallel motioDs of tha 
eye takes place; in consequence of which, the rays no longer 



fiill on conwqponiliiigpoiate in the vetina dT eadi. It i^pettr% 
then, that the mind can only notioe two improBiona together, 
if they be made on coneepondiiig paits of the aentiott aufiice. 

[If a cnbe^ or any other solid body, be placed at a ahott 
distance before the eyes^ two pictum^ perfectly unlike eadi 
other, will be projected upon the two retinc, yet but one 
object will be presented to the mind. The object is seen 
angly, becanse, in consequence of the simnltaneons perception 
of the two dJHBimilar pictureSy it is seen in relief. To proTe 
thiSy let these two difisiinilftr pictoies of the cube be drawn 
separately : that which is seen by the right eye, the left bdng 
dosed, and that which is perceiyed by the left, the right being 
shut. Let these be presented one to each retina, in such a 
manner, that they £sdl on the same part as the pictures of the 
object itself wonld, and the mind will perceive the object singly, 
and in relief y and no effort of the imagination will induce the 
observer to suppose it to be two pictures on plane snrfiuses. By 
means of a stereoscope*, which enables the observer to throw 
the artificial pictures upon the same part of the retina as that 
upon which natural projections of the real object would fidl, 
marbles, architectural models, flowers, and any solid geome- 
trical forms, may be represented in relief. Taken in conjunc- 
tion with the known laws of single vision. Sir David Brewster 
says, that these fiusts explain all those phenomena of vision 
by which philosophers have so long been perplexed: while 
Sir John Herschel considers this discovery ^^as one of the most 
curious and beautiful for its simplicity, in the entire range of 
experimental optics." After the mention of these iUustrious 
men, and adding that the discoverer is an Englishman, we 
need scarcely say that his name is Professor Wheatstone.^ 

In persons who squint habitually there is not double vision, 
for the habit generally results &om an inequality in the power 
of the two eyes : that which was weaker, therefore^ is turned 
awry not to interfere with the more distinct impressions re- 
ceived from the other, and by degrees the habit is acquired 

C* Derived fiom oti^m;, goUd, and ffwieswj i tiew.J 



•f AttctKlIng floMy - to theee latter, eo that bnt one object is 
■een. 

There remalna another point to be explained ; on reierencft 
to the image prodnced by the g]am lens, it irill be found to 
be inTetted ; the same effect must be prodnced by the lena of 
the eye; how then do we see objects erect? One of the lateat 
Explanations ofiered of this, has been Si Oiailea Bell's, which, 
as it inTolves little theory, and appears in many leapecte con- 
sonant with focta, we shall subjoin. We have already stated 
(hat he has distingnished from general sensibility a perception 
of the state of mnsenlar action or relaxation, which he hai^ 
frith mndt reason, described as a separate sense. Now the 
eye is directed towards objects by means of four mnscles, by 



which it is surrounded, and which are inserted, as we see, into 
its cardinal points. If we snppose our figure to represent the 
left eye, it is evident that it will be directed to an object abore 
it,by the superior mnsde, A b; to an object below it by the 
Inferior muscle, a n ; to an object on the left by the mnscle, 
A c, which is to the left of iU arit, and to an object on the 
right by A ?, which is to the right of its axis, and has its in- 
sertion just opposite that of a c. Now, in all these cases, we 
jndge, with perfect correctness, of the pontion of an object 
with respect to ootselres, though it b evident that the image 
of an object above us, is painted on the lower part of the 
retina, or of an object on our right, on the left part of the 
retina. It is clear, then, that we do not judge of the position 
of an object by the portion of its image on the retina, but, by 
a knowledge «f. tlie mnpole which is called iiito action to 
20 
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direct the axis of viaion towftrds that object. Having thus 
shown that it is bj means of this mnscnlar contraction that 
we jndge of the relatiye position of one object as r^ards 
another. Sir Charles Bell infersy as a corollaiyy thai the same 
sense enables ns to judge of the relatire position of the dif- 
ferent parts of the same object, that is, which of them is top 
and which bottom, and that thus we see an object straight, 
the image of which is inyerted, just as we see an object to the 
right, though its image on the retina lies to the left: this we 
belieye to be Sir Charles Bell's meaning*, though, with regard 
to this point, he does not speak so clearly as with reepect to 
the first. Neither do we consider the explanation equally 
satis&ctory: we can reiy well distingniah the top £tQm 
the bottom of a small object placed below us, though the 
same muscular adjustment enables us to take in both at 
once; consequently we are deprived of that sense which, 
in the other instance, enabled us to correct the position of the 
image. To us it appean that the whole inquiry b rather pre- 
mature, and that, until we know how the image acts on the 
retina, so as to produce sight, it is useless to inquire how the 
top and bottom of the image act on the retina, that ia, why we 
see the object erect, not inverted. 

There is the less necessity that we should enter minutely 
into the structure of the ear, inasmuch as we have by no means 
a dear or satisfactory knowledge of the mode in which its 
several parts are subservient to tiie &culiies of heaiing. It is 
usually divided into three portions : 1, the exteroal ear, which 
serves as a sort of conduit to the sound ; 2, the middle ear, in 
which, it is said, the sound is in some way modified or pre- 
pared for striking on,-^, the internal ear, which answers to 
what we have more particularly named the vital part of the 
organ, that in which the nerve is eiqMuided, and in which the 
last corporeal change^ necessary to perception, takes place* Of 
each of these we shall speak briefly, l^e external ear is con* 
structed for the obvious*puxpoee of collecting the zays of sounds 
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wbieh, like the lays of light, tmilbrmly diveige from a eentnl 
point) and, like them, may be made to alter their cUrection, or 
be brought to a focos. It is more tumal, however, to speak of 
sonnd as propagated by nndulations than rays, that is, as do- 
pendent on coipnscles, which vibrate or oscillate within a given 
distance^ and so oommnnicate their motion to the next series of 
particles, bnt have not themselves an aetoal progressive move* 
ment. Somid, however, like light, difinses itself in right lines, 
and may be reflected by bodies which refuse to tnmsnut it ; in 
which case, the position and forn^ of the reflecting soi&cepro^ 
dace, on its direction, exactly the same effects as on that of 
rays of light. Thus, if two plane sur&ces be inclined towards 
each other, like the sides of a cone, and the wide end be now- 
turned towards a sounding body, it is evident that a great 
number of rays entering it will, by reflection, be made to reach 
its apex, and so produce a more forcible impression upon any 
vibrating body placed there, than if it had simply been exposed 
to their efiects. Thus let c o be a cone, which has its point 




cut ofi; and a vibrating membrane, m, inserted at its lesser ex*^ 
tremity. Let r / » r' r'' ¥*' be sonorous rays, coming from a 
vibrating body, placed at some distance from the membrane^ 
but nearly in the same horizontal line, in which case we may 
consider them as being nearly parallel to the axis of -the cone« 
It is evident that, were the cone removed, no rays could reach 
911, but such as lay between b and n'; but the presence of the 
cone causes all the other rays, ri' ¥' /", to reach the mem- 
brane after a certain number of reflections ; consequently, were 
the membrane connected with a sentient oigan, the hnpression 

2c 2 



made on it would, by Qaeae means, be coiundwahly jocnased. 
This is the principle attended to in conatmctiug ear-trampet% 
wbkli we know an always of a fiuuiel shiqte, and this 
u the prindple exemplified in constructJng the external 
part of the human ear, where, in addition to the conical tabe^ 
termed avJilory ptMOffe, we find a atill further means em- 
ployed, for ooDoeatrotuDg sound, in the broad elastic cartilage, 
hollowed out into different einnosities or concavities, all inclin- 
ing towards the conunoit opening, which is attached round the 
wide end of the cone. 

This may be seen, in the acG<anpany- 
ing iat, where b is the external cartilage 
commonly called the external ear, and c 
the cone or auditory passage, through 
which the sound is reflected in ; and it is 
in this passage that the wax of the ear is 
formed, which, with the fine hairs that 
grow iDond its entrance, seems destined to 
prerent the entrance of minute insects, or 
other offending bodies. At the end of 
this passage, is really placed a membrane 
umilar to that which we have above supposed to be placed at 
the somimt of oui cone, and at this membrane terminates the 
external part of the ear, while the little cavity beyond it, com- 
monly known by the name of the drum of tit ear, constitutes 
Its second or middle portion. And this cavity is. In some 
respect^ not unlike a drum : it has at one end the membrane 
we hare described, which may be compared to the drum-head, 
and is usually colled mtmbrana Qmpont, though in common 
cODTersation, it is not unfrequently spoken of as being itself 
the drum. Bat this is incorrect ; the dnim is the canty be- 
yond it, and when people talk about having the drum of the 
ear broken, they really mean a rupture of this membrane. The 
other nde of the drum has another membrane, and this servea 
to foim the partition between the middle and internal ear, 
which is utoated yet deeper. But here occun a very nice and 
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accnraie point of resemblance : a dram would give but a very 
faint soundyUnless an aperture were left in its side, through which 
the vibrations might be communicated from the air within^ to 
the exterior air, such an aperture, therefore, is constantly left ; 
and in like manner the side of the dram of the ear is perforated 
by a long tube, called the Eustachian tube, which coming from 
the upper part of the pharynx^ just behind the mouth, affords 
a free passage for air into the cavity of the drum, and so allows 
its membranes to vibrate, and the impression to be transmitted 
to the internal, or properly sentient part. The existence of this 
passage is curiously exemplified in persons who have had the 
memhrcma tympani ruptured, as such persons can cause smoke, 
which they have inhaled with their mouths, to pass out through 
their ears, for which purpose it is only necessary to allow it to 
reach the back of the throat (without swallowing it), when it 
will pass through the Eustachian tubes into the drum, and 
then out through the ruptured membrane, with as much ease 
as, in ordinary cases, it is passed through the nostrils : a feat 
which almost every habitual smoker is able to perform. The 
deafness accompanying a cold and sore throat is another proof 
of the existence and use of these parts, as it merely arises from 
the inflammation stopping up the entrance of the tubes, and so 
preventing the entrance or exit of air from the drum of the 
ear, in consequence of which its membranes can no longer 
vibrate to slight noises. The dram of the ear, however, has 
superadded a distinct structure, such as finds no parallel in any 
common drum. This is a fine chain of very minute bones, 
continued from one of its membranes to the other, and so 
arranged as to increase in strength the vibrations which they 
transmit inwards. These bones are further supplied with very 
minute muscles, by which the membrana tympani can be tight- 
ened or relaxed, so as (it is supposed) to accommodate itself to 
sounds of different degrees of intensity. Finally, the object of 
all this apparatus is to convey the impression to the internal 
ear or labyrinth, which consists of three parts, the vestibule^ 
tHKhteUy and semi-circular canals, all hollowed out of the hardest 



890 0B6ANS OP SENSE. 

bone in the body, all completely shut oat &om conmiiimcation 
with the exteroal air, but containing in its place bags or tubea^ 
filled with a fine limpid fluid, which is set in motion by the 
slightest vibration, and lies in contact with the delicate ezpan- 
nons of the acoustic nerve, to which the sense of such yibnv- 
tions is thus immediately communicated. It would be useless 
to expatiate on the structure of these parts, as we are perfectly 
ignorant of the mode in which they are subservient to the 
fiiculty of hearing, or whether, as is probable, they each per- 
form a separate function. It has been suggested that the oeff- 
Hbule, which appears the simplest part of the inteinal ear, may 
be for taking notice of simple sound ; that the semi-circuhff 
canals may serve for the perception of melody, that is, on un- 
accompanied musical strain ; and the cochlea for appreciating 
harmony, that is, the more complicated music of on orchestra : 
this is all very possible, but we have not the slightest proof 
that it is true. 



Chapter XII. 

OF MAN, AND THE VARIETIES OF THE HUMAN 

SPECIES. 

We have thus taken a survey of the principal organs of which 
the human frame is built up ; we have considered its sfcruo- 
tuie, and seen that it is fearfully and wonderfully made ; we 
have examined the various contrivances by which nutriment is 
introduced, purified, distributed, returned when exhausted, 
and again expelled ; we have noticed the wonderful apparatus 
by which we are rendered capable of acquiring sensations &om 
external bodies, and the nervous centre to which these all are 
referred, and which alone enables us to know and judge of the 
impressions thus produced : it only remains to the completion 
of our present task, that we should say a few words of man as 
he exists ; and inquire whether the various appearances under 
which he is found in different countries, are such as may admit 
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of explanation, on the theory of Bftrnftnem of species under 
the influence of accidental circiuustances, or whether we shall 
be obliged to hold, with certam physiologists, chiefly of the 
French school, that there was no origuud individual man cre- 
ated, but a number of men, either at the same^ or at different 
times, specifically distinct firom each other, and bequeathing 
this distinctness of species to their posterity. 

Man is distinguished from all other animals by many and 

impoirtant characters. Destined to rule over ^^ every beast of 

the earth, and every bird of the air," yet inferior to many of 

them in size, in strength, in velocity, and even, apparently, in 

instinct, there remained but one means for enabling him to 

assert his superiority, and that was to endow him with reason. 

This has taught him to subdue force by stratagem, and power 

by craft ; to shelter himself from dangers which he could not 

overcome, and evade attacks which he could not repel. This 

has caused the untutored savage to prepare the pitfall, to lay 

the snare, to bait the trap, to construct the canoe, or shape out 

the arrow, the spear, and the bow. But for these things two 

provisions were necessary, the mind to contrive, and the skill 

to execute ; the former finds its corresponding organization in 

the large, the complicated, and the weighty brain ; the latter 

in the hand,~-<an organ so exquisitely finished, so admirably 

adapted for working out the most ingenious devices, that Hel- 

Tetius was inclined to look on it alone as sufficient to account 

for man's superiority over other animals. 

Now, &om these two necessary peculiarities of structure, 
flow two of man's most characteristic distinctions : he must be 
erect,-«-and capable of using his two anterior extremities, as 
hands ; erect, because the weight of his brain and skull would, 
if he assumed a horizontal position, be constantly weighing 
down, and wearying his neck, while the blood, rushing with 
unchecked force, would render him constantly liable to head- 
aches, vertigoes, and apoplexies ; capable of using his two 
anterior extremities as hands, for, were they employed as feet, 
their fine sense of touch would soon be lost, the skin, thick- 



eoed and hardeaed, would l)e d^iived of Us delicaqy of feelr- 
ingy the fingexsy swollen mxd stiffened, would want their easy 
pliancy and flexibility, and could no longper adapt themselves 
to any tasks requiring neatness or. care. We thus see that 
man was destined by his constitution to be an intellectoal 
animal, upright in position, and furnished with two hands and 
two feet, and this enables us at once to search out his most 
important characters, and embody them, if required^ in a defl- 
nition. In &ct, from these flow almost every other peculiarity 
of his structure. 

In other animals, the hole through which the spinal 
marrow passes out from the skull, is nearly opposite the 
£ace or jaws, and th^ weight of the skuU is, in a great measure, 
sustained by a ligament (the ligametOvm ntieto), which we 
have already described: in man, the hole is in the centre of 
the base of the skull, which is thus nearly balanced on the 
vertebral column, and needs no ligament for its support, con- 
sequently there is no ligament, or merely a vestige of what 
may be considered as such. In animals, also, the blood rul- 
ing to the head, which is so often lower than the heart (as 
when a cow is grazing), would come with a fearful power wero 
not its course delayed by a beautiful and wondeifnl contrivance, 
to which there is no parallel in man, because his head is not 
intended to be in that position. The contrivance is the sudden 
breaking up of the internal carotid arteries, just before they 
enter the brain, into a perfect network of little vessels^ through 
all which the blood must pass, to be again collected before it 
can reach the brain. The force of the heart is thus entirely 
broken; but in man the blood has to rise against its own 
own gravity, which sufficiently answers the purpose. Again, 
animals that are to live on flesh, are provided with &ng8, or 
beaks and talons: man has no &ng8 and no talons, but he hn 
Hio mind to devise implements of destruction, and the skiU to 
lionstruct them. ■ Endowed with the moral sentiment, with 
•feelu]^ of delicacy, man naturally seeks to cover himself with 
dreen^ aud this is more than a coimterbalance to the want of 
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feathers or filr, which besides would so considerably blunt the 
fineness of his sensations. In the same way we could proceed 
to account for the length of his heel-bone^ the form of the 
foot^ the muscular swelling of the calves and buttocks, the 
form and direction of the pelvis, and many other circum- 
stances in which he differs from all other animals, but as this 
is a subject presenting very little doubt, let us rather turn to 
consider those points in which men differ when compared 
amongst themselves. 

Zoologists have much disputed whether mankind are to be 
considered as forming one ^mus with several subordinate 
speeieSy or one species with several varieties. Either hypothesis 
will serve to explain the numerous differences which we every- 
where meet with, in size, colour of skin and eyes, nature and 
colour of hair, general form, &c. ; but, according to the former, 
a creation of several original pairs, endowed each with the 
peculiarities which characterize their descendants, becomes 
necessary; while, according to the latter, a single pair will 
suffice, and then zoological deduction will coincide with what 
appears to be declared in the Mosaic narrative. Many circum- 
stances tend to favour the prevalence of the first opinion. We 
compare the delicately fidr Caucasian with the intensely black 
Negro of Guinea, the giant Patagonian with the dwarf 
Laplander, the long-haired Greek with the woolly-headed 
Hottentot, the oval-faced European with the broad and flat- 
faced Mongolian; we find it difficult to account for such w^ide 
deviations from a common stock, and we indulge our indo- 
lence, and save ourselves the mortifying confession of our 
ignorance, by saying they had each their own stock. The 
same explanation is of equal use in accounting for the mode 
by which distant islands, difficult of access, became peopled 
with inhabitants, too numerous to allow of the supposition of 
their recent importation, and too barbarous to admit of attri- 
buting to them any further skill in navigation, than consisted 
in the management of a wretched canoe. If we suppose them 
to have been created on the soil where they were discovered. 
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we at onoe relieye onnelyes £rom the trouble of fiBamiog aa 
hypothesis r^parding their immigratioD, and £fpare ouiselTes 
all attempts of traciiig analogies with known tongues in their 
language, which, perhaps, is truly and radically distinct. A 
farther difficulty is also thus oyercomey we should rather say 
avoided; and it is one which, in and priori aigument, would 
necessarily be of considerable weight. It is this: we learn 
from historical records, from sepulchral tablets, and from the 
figures in the Egyptian temples — ^too accurately delineated and 
coloured, and too well preserved, to admit of doubt— that, at a 
period of remote antiquity, races of men existed, as distinct 
from each other as they are at the present day, consequently 
such varieties must have had their origin previous to this 
time, that is, say, in the thousand years, or thereabouts, that 
intervened between it and the deluge; but man was then 
nearly in a state of nature, and much less subject to the nu- 
merous modifying circumstances which might be supposed to 
give rise to yarieties, than he has been for the last three thou*- 
sand years: during which, however, no one has eyer seen the 
origin of a new yariety. We think we shall be allowed to 
have stated, in its fiill force, this objection to the theory which 
we mean to adopt, and we shall take an opportunity of return- 
ing to it when we have developed the true grounds on which 
the question should be argued. We think, also, that we have 
flhown sufficient reason why the theoiy of a plurality of 
species, so gratifying at once to our vanity and our indolenocv 
should haye found such numerous supporters; nor need we 
wonder, from its yezy obvious nature, thai a writer, at all times 
more distinguished for brilliancy than depth, should be found 
to assert, ^^ II n'est permis qu'^ un aveugle de. douter que let 
blancs, les Negres, les Albinos, les Hottentots^ les Lappons, les 
Chinois, les Americains, soient des races entierement dif- 
fdrentes." 

The question, howeyer, is not to be decided by dedama^ 
tion; it b simply, as we view it, one of zoological science, and 
resolves itself into this:— Are the di£ferences between the in* 
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Iia1)itant3 of rarions countries and climates so great as to 
render it impossible they should be of the same species? And, 
of course, the first step towards our answer must be the de- 
ciding what is meant by a species. 

By species, then, we mean all those individuals descended 
-&om a common origin; and if there be a doubt as to whether 
an individual does or does not belong to a species, we compare 
it with the individuals known to be of that species, and 
ascertain whether it is marked by any more decided particu- 
larity than those by which they are distinguished the one 
from the other. If it be, we conclude it of a different species, 
and assign it a different origin; if not, we look upon it as a 
^wriety of that species, assign it the same origm, and term its 
particular characters accidental. 

This is our idea of species, and of the criterion by which it 
znay be decided : several others have been proposed. 

The following is John Hunter's:— "Si duo quelibet 
animaHa, quibus inter se similitudo non ita perfecta est, ut per 
<^rto eidem speciei adjudices : prolem tamen alterutri parent! 
ant jam similem, aut idiquandojiituramy procreent ; tum quan- 
tum inter se differant, ilia ejusdem tamen speciei esse habenda 
sunt :" which he illustrates thus. Of all that bear the human 
name select a male and female the most imlike possible, say a 
Congo black and a £Edr Circassian ; suppose that &om their 
union spring a male and female child, and that the former -of 
these intermarries with the father's race, the latter with the 
mother's; if then, after some generations, the offspring of Ihe 
male child resemble the £Either in everything, and the o£&pring 
of the female the mother, then it follows that the parents were 
of the same species. But that such will be the case is proved 
daily, by the results of intermarriages between blacks and 
whites. 

This appears to us unsatisfactory: the canary, it is well 
known, will breed with different birds of the finch tribe, their 
ofispring is prolific, and there can be no doubt that if mated 
only with birds of either fiunily, all trace of the other would 
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be obliterated after a few generations, probably as soon as traces 
of black blood are lost hy the descendants of a Mulatto. The 
same circumstance is known to occur in the production of 
Hybrid plants. 

Still less can we admit the criterion proposed by Ray, and 
supported by Buffon, that all those animals which breed toge- 
ther, and produce a prolific offspring, are of the same species ; 
though, could we adopt it, our own views would be at once 
proved, for all varieties of the human kind come within the 
law. But, as Mr. Lawrence observes, the rule involves a petitio 
principii. It is true, that in general, mules, produced between 
a horse and an ass, are incapable of procreating, and thence has 
come the popular generalization, that no hybrid can breed. 
But to this, numerous exceptions are now known ; the mule 
itself has at times broken through the rule ; and Aristotle 
mentions instances in which a mule had engendered with a 
mare, and the less dubious case, in which the she-mule had 
conceived. The he-goat breeds with the ewe, and their off- 
spring is prolific: the case of the canary-bird and goldfinch 
has been already mentioned; the common cock will breed with 
the hen-partridge, or the cock-pheasant with the common hen; 
and, according to Pallas, the Chinese goose copulates readily, 
in Russia^ with the common goose, and produces a hybrid, but 
perfectly prolific oflfiapring : " the race soon returning to the 
characters of the common goose, unless crossed again with the 
Chinese species." 

This criterion, then, being quite untenable, Doctor Prichard 
has proposed another mode of determining the identity or di- 
versity of species ; viz., " by referring to the principal laws of 
the animal economy;" and this, as being a physiological test, 
and having its basis in the operations of nature, we should wil- 
lingly embrace, but for the very limited extent of our ac- 
quaintance with those laws, and our consequent ignorance 
how fer they may admit of modification. Thus, Doctor 
Prichard assumes as one of his examples, the period of utero- 
gestation, and from the fact, as stated by Buffon, that th^ tro^ 
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goes with young more tlian one hundred days, whUe the bitch 
is known to carry hers but sixty-two or si3^ty-three, gives it as 
Jiis decided opinion that they are of different species ; though^ 
&om such tests as those before mentioned, John Hunter, and 
eeTcral other excellent physiologists, were inclined to consider 
tliein as of the same. But though, in the human kind, we 
know the general law which confines the child to the womb 
for a period of nine months, we also know that this period 
jnay be considerably anticipated ; but, as we do not know the 
cause of the general law, so neither can we tell the extent to 
"which it will admit of particular exceptions ; such exceptions, 
therefore, may be but accidental ; and we have already shown 
that accidental peculiarities do not constitute species but va^ 
zieties. Doctor Prichard seems to us still less happy, when he 
assumes, as a standard, the common liability to certain diseases. 
It is certainly true that the small-pox h^ raged in every 
climate, and amongst every race; and, before this dreadful 
flcourge, all have confessed their common hmnanity: but it is 
also true that apes, inoculated with it, have shown regular 
pustules ; the vaccine disease, none can doubt, we share with 
cows ; itch and other cutaneous maladies seem common to us 
with inferior animals, and a late but terrible experience, has 
fully proved that glanders can be communicated from the horse. 
It is singular that this very test, which Prichard chose as 
establishing the variety of the human species, should have 
been selected by others for disproving it. Virey alludes to the 
&equency of yaws among the Negroes, while they are seldom 
known to attack whites, and the latter suffer dreadfully under 
yellow fever, from which the former are comparatively exempt. 
Other authors have attempted to show that the species of louse 
found on the Negro, differs generically from the parasitical 
insect of white men; and Rudolphi has extended the aigument 
to the worms by which their bodies are infested : ^ Tasnia lata, 
, L.," he says, " is found in the bodies of the Kussians, neigh- 
IjQuring Prussians, and Swiss, while in the other Europeans, and 
. the Crieejcs generally, Tamia solium preyails. I have only seen 
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one example, in a young female, where both of these presented 
at the same time, but it is probable that this person was of 
mixed descent!" The idea of makiiig this a standard of 
species is certainly not a little amusing, when we recollect that 
the Asearia l/wmhriefOdeSy L^ is to be fonnd without any sensible 
difference, in the intestines of man, horse, aebia, ass, mule, oz^ 
and hog. 

We shall only mention one more— -that proposed by M. 
Cuvier, in the Preliminary Discourse to his OuemeM FosHUi. 
*^ Generation," he says^ '^ being the only means of ascertaining 
the limits to which yarieties can extend, we should define 
species to be the assemblage of individuals descended one from 
the other, or £pom common parents, and of those who resemble 
them as strongly as they do each other." This definition, M* 
Desmoulins pronounces fiJse, for the following reason. The 
American bison is clearly a distinct spedes ficom the European 
domestic ox, as is evinced by the difference in figure, the shape 
of the head and cranium, &c., as well as by its possessing two 
additional ribs on each side* But a great part of the black 
cattle, to be found in the states of the American confedracy, 
at the other side of the Alleghany, is the hybrid breed, be^ 
tween the European cattle and these bisons. ^ These hybrids^" 
says M. Desmoulins, ^^ form really a new species." To this we 
can by no means assent^ as it would go to prove every produc- 
tive cro98 a new species, a doctrine perfectly monstrous : had 
M. Desmoulins said that such hybrids, if bred previous to our 
knowledge, and since propagated by direct descent, would now 
be probably ranked as a new species, he would have been right; 
but he would have been assuming a case which he knew did 
not, and we may say could not, occur ; such crosses are arti- 
ficial, they occur only in animals under subjection to man, 
and are not known to occur in a state of nature, where there 
seems to be an instinctive aversion to all intermixture of 
species ; they cannot, therefore, with ai^ show of fidmes% be 
introduced into a dispute regarding the original and natural 
distinctness of species* But M. Desmoulins' own test^ ^the 
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permanence of type nnder different ciieumstanoes," cannot be 
admitted as sufficient, when we see the red eye invariably 
accompanying the white sldn, in the lenciethiopic race of rab- 
bits, mice, &c., which we can show to be but a Tsriety, or the 
uniyersal prevalence of black hair on the swine of a certain 
district, or the uniformity of colour, mentioned by D^Azara, 
as marking the numerous troops of horses, now running wild 
on the spadous South American Pampas, which, nevertheless, 
all owe their origin to those originally imparted by the Spa« 
niards. In truth, M. Desmoulins, though nominally one of 
the most violent opposers of the unity of the human species, 
is really not a direct contradictor of our views. He denies 
that species can be formed by the influence of climate, but 
asserts they may originate by generation ; thid is nearly what 
we hold respecting varieties ; the dispute, then, resolves itself 
into one about words, — ^what we call varieties he calls species, 
and admits they may have a common origin* 

"We therefore return to the definition with which we set 
out ; we consider all descended from common parents, as bemg 
of the same species ; and we accept Blumenbach's test of ana* 
logy, and judge of the extent of variety which may occur, by 
a comparison with that which has occurred. 

Our next step shall be to state^ as briefly as possible, the 
niost striking differences observed in the human species, for 
which purpose we shall arrange them nnder the five heads 
originally proposed by Blumenbach, and smce generally re- 
ceived. We shall then apply our test, and show that greater 
differences have, to our Imowledge, arisen in individuals 
allowed to be of the same species ; and, lastly, shall consider 
the causes to which the origin of varieties may be referred. 

1. At the head of the human kind stands the Caucasian 
race, distinguished for pre-eminent grace and beauty of figure* 
The face is oval, the skin fair, inclining to brown, deepening 
in shade as the exposure to sun and climate becomes greater, 
yet generally permitting the blood to be seen through the skin 
in the cheeks, and at the lips. The^hair of the scalp and the 
beard is abundant^ sofi^ long, and flowing in undulations, more 
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or less approaehing to coris. In oolonry it may be descsiibed as 
brownish, deyiatingy on the one side, througb aubnm, red, and 
yellow, to a delicate flaxen colour ; on the other, tfarongh dif- 
ferent degrees of intensity, nntil it becomes a clear and glossy 
black. The forehead is high and expanded; the features 
moderately distinct ; the nose narrow and straight, or inclining 
to aquiline ; the cheek-bones not in general prominent ; the 
mouth small ; the lips, particularly the lower one, slightly 
turned outwards; the teeth perpendicular in each jaw, and the 
chin full and rounded. 

The head is of a symmetrical appearance, nearly globular ; 
this character is particularly observable in the Turks. The 
general outline of the figure is free and flowing, the port erect^ 
the back part of the head rather projects, so as to cause a curve 
in at the neck, the lower extremities are straight and well- 
placed under the body, the sole of the foot lies nearly smooth 
on the ground, not resting, as in monkeys, on its outer edg^ 
and the swell of the calf is gradual, and at some distance be- 
neath the knee. The fiEU^ial angle is more open in thb than in 
any other variety ; though in this point much difierence exists 
&om the ideal forms of Grecian beauty, in which the angle 
approximates a right angle, the forehead being thus perpendi- 
cular over the face, to the sloping forehead of the Pole repre- 
sented in Blumenbach's Decades Oranwrum (iii. 23), and in 
which the angle is identically the same with tiiat of a Negro's 
head, which he has also represented (il. 10). We may here 
observe, enptuaant, upon the total and evident insufficiency 
of so constantly varying a mark for the establishment of any 
original difference between races of mankind ; yet this is the 
character upon which M. Yirey chooses to divide them into 
two distinct species, which he again subdivides into laces dis- 
tinguished by their colour, as follows : 

l^peeiet, Baet. Fawtttiu. 

II. White lArabo-Indiaii. 
[Celtic and Gaucadan. 
I Chinese. 
2. Tawny or yellow . / Kalmock-HongoUan. 
ILapono-Ostiack. 
3. Cappm^Umt . . Americanor Carib. 
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£!peder. Baee* VmrnOkt. 

ii. Daep-btown .* . . Malay or FolyiiMiaii. 
6. Black In^* 
- ™ 1..U (Hotteitot 

6L Blaokidi . . . ., ™t«iwfc 
\ Papuan. 

It is evident our Pole at once destroys this distinction, as 
according to it he would have been of the second species, while 
his &ther or brother, or any more fortunate member of the 
fiunily would have belonged to the first. And this, in feet, is 
the strong point, from which we must ultimately admit the 
unity of the human species, that you can take no mark so de- 
cided, that will not occasionally be found occurring in some of 
Ihe other divisions : for by such insensible gradations do they 
rnn together, that though the extremes seem remote, the in- 
termediate steps are as nothing. We proceed from change to 
change, scarcely knowing how we advance ; the fugitive cha- 
racter still eluding our grasp, and refusing to exhibit any stable- 
ness or fixity, till at last we join in the conclusion of one whose 
best attention has long been given to the subject, and who de- 
clares, that so far from finding mankind to consist of different 
species, he has become totidly unable to discover any decided 
grounds for distinguishing them into varieties. 

To revert, however, to our Caucasian race, of which we 
have noted the prominent physical characters ; they are no 
less distinguished for moral endowments. Amongst them civi- 
lization probably originated, as amongst them it certainly- 
attained its greatest perfection. Whatever may have been the 
<!olour of the ancient Egyptians, the form of their skull clearly 
indicates them to have been of this variety. This it is which 
has produced the greatest men in every art and science ; legis- 
lators, poets, painters, astronomers, divines, physicians, natu- 
nlists, all have appeared most pre-eminent amongst the 
nations belonging to this race. Its characters are pretty widely 
extended : in Europe they are universal, if we except the Lap- 
landers and some of the Hungarians, tribes who seem rather to 
belong to our second division. In Asia they are found stretch- 
ingy even to the west banks of the Ganges, through Turks, 

2 D 
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Syrians, Armeniansy Georgiana, CiicaananSy JeivBy Mingre- 
lians, Persians^ Aiabs^ and Hindoos of high caste. In 
Africa they may be traced in the Moors, the Berbers^ 
some of whom, as represented by M. Bozet, present a 
physiognomy perfectly Boman, in the white and yellow- 
haured tribes of Mount Auress, described by Shaw and 
Bruce, in the Egyptians, the wandering tribes of the desert^ 
and at the extreme west, in the mummies of the Guanches^ or 
former inhabitant^i of the Canary isles. In America we cazuiot 
say that any of the race exist, except as descended from 
European colonists. The tribes termed indigenous agree 
amongst themselves in characters sufficiently numerous to 
form them into a distinct variety, of which we shall speak 
hereafter. We only doubt whether the Incas^ *^ the golden 
haired children of the sun," can be considered as belonging to 
to it ; but our information respecting them is far too limited 
to allow of even a probability being attained on this point : 
Dr. Prichard suggests that they may have been a family of the 
original Asiatic immigration, who, £rom some peculiarity of 
custom or situation, preserved their ancient manners and civi- 
lization, by means of which they were enabled to become the 
legislators of the resty who, spreading more widely through 
immense uncultivated tracts, soon degenerated into all the 
habits of barbarous life. 

2. The second great variety of the human species, termed 
Mongolian, extends over all the eastern and northern parts of 
Asia, the north of America, and embraces those European 
tribes, the Laplanders, Hungarians, &c., excluded from the 
first. In all these the head presents a square and flattened 
appearance, as though the globular Caucasian head had been 
depressed, and the face widened and dilated. The general 
complexion is yellow or oUve, '^ a middle tint^" as Mr. Law* 
rence says, ^^ between ripe wheat and boiled quince, or dried 
lemon-peeL" In many of them it is by no means darker than 
in several of the foregoing race, particularly when embrowned 
by exposure, yet it effectually conceals the rush of blood to 
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the elieek ; the beooming blnah seems the peculiar priyil^ of 
the Caneafflaa tribes, though it has been distinguished in a 
faint degree in young and delicate females of the Tonquinese 
by Damper, of the Esquimaux by Cbappell, of the Otaheiteans 
by Forster, and even of the N^;ro race by Goolbeny. The 
hair in the Mongolians is bbick, straight^ thin, and stiff; many 
of them shaye it, leaving a single lock, as may be seen in repz&- 
aentations of the Chinese ; the beard is scanty, and generally 
eradicated. The general contour of the &ce is square, and the 
features seem, as it were, pressed into it. The forehead is low 
imd slanting, the superciliary ridges scarcdy exist, the space 
between the eyes is wide and flat, the eyes of a black-brown 
colour, naiiow, linear, and drawn upwards towards their outer 
angle; the cheek-bones project literally; the nose is flattened 
in, particularly at the root, and the nostrils are yery open ; the 
upper jaw is flat and vride, the teeth straggling, the chin shorty 
and not retreating. In general form of body the Mongolian i% 
at least to our eyes^ by no means so graceful as the Caucasian. 
The trunk is large, square, and massive; the extremities thick^ 
shorty and muscular; the whole is constructed rather for 
strength than agility, and the average height is inferior to ours. 
Under this head have been assembled the inhabitants of China^ 
Japan, Tonquin, Cochin-China, the Burmese, and other tern- ^ 
tones east of the Ganges ; of Thibet and Boodhtan, the nomad 
hordes of central and northern Asia, the Finnish races, already 
alluded to, of the north of Europe, and the Esquimaux of the 
northern parts of America, extending from Behring's Straits to 
the extremity of Greenland. Amongst these people, however. 
Innumerable differences are to be found, insomuch that Dr. 
Pridhaid quite rejects the idea of uniting them under ona 
cominon name, and there certainly appears sufficient reason 
for admitting, at least M. Yire/s subdivision, into three prin- 
cipal £unilies, the rude wandering hordes of the elevated ground 
in central Asia, yeiging on one side into the more cultivated 
and civilized nations between the Granges and the sea, where 
this variety appears to have reached its utmost perfection, 

2d2 
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though still &r &om rivalliiig ike GaucteumSy and^ on the 
other, into those stunted and diminutive tribes^ the Esqninumz^ 
the Somoiedesy the Ostiaoks, the Laplanden, and othen snr- 
ifonnding the Arctic Pole. 

3. We cotQd suppose a skull, such as we have described the 
Mongolian, to be formed from a Caucasian by depression ; but 
compression as well as depression would be required to produce 
our third variety, the Ethiopian, including, we may say, all 
the African tribes not referred to the first diyiedon, and who^ 
frx>m their prevalent complexion, are known by the common 
appellation of Negroes, or Blacks. In this variety we generally 
&id a predominance of the sensual over the intellectual derve- 
lopement. The senses are all of extreme acuteness, and the 
&ce seems to be moulded, so as to afford their oigans as much 
size and prominence as possible. The eyes are brought to the 
«ur&ce of the head, the nostrils enlarged, the mouth protu- 
berant, the teeth strong, the jaws powerful, the temporal 
muscles by which these are moved enlarged, and occupying a 
eonsiderable extent on each side of the skull, which seema as 
if it were flattened and narrowed between them. The hair is 
flhort, crisp, and woolly, and, as well as the eye, of a black 
colour. The cheek-bones are prominent, the jaws projecting, 
the nose broad, thick, flat, and confused with the surrounding 
parts, the lips, and particularly the upper one, are thick, the 
upper front teeth are oblique, the chin retreating. The head 
is altogether of an elongated form from front to rear, where is 
placed its principal bulk. The occipital foramen is situated so 
isr back, that there is scarcely any bend in at the neck, which 
forms almost a straight line from the head to the back. The 
general figure is less graceful and erect than in the Caucasian, 
the knees are generally turned in, the calf is small, and situated 
immediately below the knee, the sole of the foot rests more on 
its outer edge than in us, the head is elongated, and the leg is 
not well straightened in progression. 

There are, doubtless, many points in which the NegHo 
differs from the Caucasian, and in most of which he mfOQ 
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Bearly appioadies the monkey-tribe. This fact has been seized 
oia by pe^rsons who have considered it a reason for either de- 
pressing the Negro-raoe to an affinity with monkeys, or raising 
those latter to the rank of men. But a moment's consideration 
would have shown the trifling importance of the fact upon 
which they build such grave conclusions : if there is to be a 
variety in the formation of mankind, some must resemble, 
monkeys more than others ; but this is no proof of anything 
like an approidmation of species; ^^some pigs," says Mr. 
Lawrence, '^ have solid hoofs, and in so far approach the struc- 
ture of the horse, but do we on that account suppose that the 
nature of the animal in general is less porcine, or more like 
that of the horse, than that of other pigs?" The Negroes are 
in fiEU5t, ** children of a larger growth ;" we perceive in them 
the same volatility, the same restlessness, the same impatience 
of restraint, the same attention to objects which strike their 
senses, the same fickleness of will, the same want of determi^ 
nate aim or purpose. The reflecting powers seem dormant or 
little exercised, the moral sense is weak and obscure, the ani- 
mal propensities alone seem to have reached maturity ; and 
under their unchained influence, the Negro is capable of the 
warmest attachments, the bitterest enmities, and the most 
horrible revenge. A nation of civilized Negroes is a phenome-^ 
non unknown; in vain will you search amongst them for 
elevated flights of imagination, profound investigations of the 
laws of nature, or just views of human responsibihty ; no 
woolly-headed race has ever produced even a great conqueror— 
perhaps the least honourable path that leads to human distinc- 
tion. Blumenbach has taken pains to collect some examples 
of natural talent amongst Negroes, and instances some who 
have succeeded as painters, poets, musicians, and divines* 
These are, however, only individual cases, the general charac- 
ter accords with that we have sketched — and may be applied^ 
with but few exceptions, to the African nations living along 
• the coasts of Guinea, Benin, Angola, Loango, &c., or gene« 
xally, to all south of the Atlas mountains. 
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These aie the three* prineipal vuieties of the human 
kind, and with them Cayier deekres himadf satiafied; though 
he aUowB it ia difficult to lednoe the Malaya or the Amencana 
to anj one of these piedsely. Still he anggeaiB they may be 
sorts of tranration Yaiieties, — the Malaya between the Mongo- 
lian Chinese on the one mde, and the Cancaaian Hindoos on the 
other ; the Papuans, a cross on some N^^roes who had fonnd 
their way to the Indian seas; while for the Americans^ related 
to the Mongolians by their black hair and scanty beard, and 
to ns by the distinctness and prominence of their featares^ 
he declares he can find no character snfficiently decided aoad 
important to wanant him in constituting them ^distinct 
varieties." 

We shaU, however, fi)r the sake of more deariy stating 
the prominent difference observable in mankind, retain the 
remaining yarieties, as established by Blumenbach, under the 
names of American and Malay. 

4. Through the entire of the new world, if we except the 
re^ons bordering on the Arctic circle, there exists a wonderful 
uniformity of personal appearance. ''The Indians of New 
Spcun,'' says Baron Humboldt, ''bear a general resemblance 
to those who inhabit Canada, Florida^ Pern, and Braal. 
They hare the same swarthy and copper-colour, straight tmd 
mooth hair, small beard, squat body, lowf ^6, with tke comet 
directed upwards towards the temples^ prominmt cheek-bomes^ 
thick lips, expression of gentleness in the mouth, strongly 
contrasted with a gloomy and severe look." " Over a mil« 
Hon and a half of square leagues," adds M. Volney, ^ fiom 
Tieira del Fuego to the river St. Lawrence, and Behringfs 
Straits, we are struck at the first glance with the general 
resemblance in the features of the inhabitants ; we think that 

* Descended, it has been supposed, from the three sons of Noah ; Japheth 
Iteing the progenitor of the Caucasian or European tribes ; Shem, of the Mongo- 
lian or Asiatlo ; and Ham, of the Negro or African. The original afBnitlee of 
the yariouB languages spoken amongst these great subdiTialons have been 
brought In support of this Idea. Much cmdous Information, tending to throw 
light on the question, may be found In Adelong, Vater, and Ftttbatd. 
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we perceive them all to be descended firom tlie same stock, 
Botwiihstanding the prodigious diversity of languages which 
separates them one from another." The traits mentioned 
above, particularly those marked in italics, can leave little 
doubt as to that stock being the Mongolian, to which, if we 
add the consideration of thdr relative geographical situations, 
of the narrow strait which separates north Asia from the 
shores of the new world, of the evidence that in former times, 
this distance was still less, or perhaps that an actual junction 
existed, or at least, that islands^ studded the strait, the pas- 
sie^ from one to the other of which, even in the rudest canoe 
or raft, must have been perfectly easy; if, further, we take 
into account the analogies which American languages furnish 
with those spoken in northern Asia, the similarity even in 
certain habits and shades of character noticed by travellers, 
particularly by Humboldt, Spix, and Martins; and finally, 
add the singular but weU-establlshed fact, that the dog found 
with the natives, was a rough-haired, prick-eared, savage 
animal, agreeing identically with the Ccmis Sibirictts^ the 
&ithfdl attendant of the northern Mongolian nomad hordes; 
we think the supposition of a separate creation of autochthones 
for the new world will be given up as gratuitous and unne- 
cessary, and its inhabitants will be allowed to offer no excep- 
tion to the theory which looks on mankind as one, and de- 
rived from a angle origin. 

The characteristics of the American tribes, however, are, 
like all others we have noted, subject to considerable variation. 
The tint of the skin, generally of a red or copper colour, may 
become of a deep brown, while others are nearly white^ as 
Cook observed of the natives at Nootka Sound, and Molina of 
some who inhabited a high situation in the Chilian Andes. 
In stature, they present all degrees, from the great height of 

* Dr. Mitchell, of New York, has confirmed fhe fact, that the idands placed 
hetween Kamtschatica and the coasts of America, such as the Aleutian, the 
Ktirile, &c., are inhabited by the descendants of Siberian tribes, retaining all 
fheir mann«rs» haliits» and qppeazaiioe. 
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^ FaJka^omBJi to tiie dwimcQed bodies of tiie Ghsynutt, ^whoin 
ELvmboldt describes as seldom exeee^ng lour &et. The de- 
piession of thefodiead also vaties eonsideiably, and, it is said, 
IS ia many cases asmsied by artificial means. Blnmenback re- 
presents the skull of a Carib, in which pressure had been evi- 
dently used for this pnrposey and the forehead skmts off so sud- 
denly from inmiediately abore the eyes, that we can almost 
suppose the indiridnal must have been able to see above him 
without turning up his head. 

Civilization would appear never to have made much way 
amongst our red brethren. When the Spaniards ebtered Amo- 
rica, there existed two powerful nations, the Peruvians and the 
Mexicans, respecting which the Spanish historians entertain us 
with wonderful accounts of their power, wealth, intelligence, 
9nd advancement ; but it is evident they had as yet made few 
steps from barbarism, as they had no current coin, no written 
alphabet, no manufactures, or commerce, no clothes^ except 
some painted feather girdles and other ornaments, and a few 
hardy adventurers proved sufficient to overthrow these two 
mighty empires. Yet courage is by no means that quality in 
IHrhich the American Indian is deficient ; he will fiu;e the most 
appalling dangers, will undergo the severest tortures with- 
out a groan, and will march to his funeral-pile with a 
proud disdain of life, chanting his war-song, and bidding 
defiance to his enemies by whom he is surrounded. Neither 
are some of the more generous feelings of our nature want* 
ing« Though they are said to kill all their children bon 
after a certain number — a habit consequent on the difficulty, 
or almost impossibility, of providing food for a numerous 
femily in their wild mode of life, they yet exhibit occasional 
instances of very strong attachment even to strangers wImmu 
they may have spared and adopted. The proud constancy 
YTith which they have refused to bend their necks to the yoke 
of slavery, but have rather preferred to suffer exterminatieD, 
is well known, and the difference between their character and 
that of the Negroes in this respect, gave rise to the pioverb 
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l<wg cunrent amongsb the French colonists of the Antilles isles, 
^^ Que regarder un sauyage de tiaTeis, c'est le bsttre ; le battre, 
c'est le tuer : mais frapper un N^gre, c'est le noumr." 

A slowness to adopt improvementSy or modify their habits 
to circumstances^ seemsy however, a constituent part of Ameri* 
can nature. These men who exhibit such suiprising instances 
of sagacity in their native forests, develope such traits of inge- 
nuity, patience, and skill in pursuing or avoiding a foe, in 
securing the objects of their chace, or in rescuing themselves 
from situations of danger and difficulty, have never learned 
anything from an approximati<m to civULzed life, further than 
to participate in its vices. ^'The native Americans," says 
UUoa, *^ are so stupid, that all the Negroes generally evince 
more aptitude at learning what it is attempted to teach them, 
and of which they never can attain a conception; for this 
reason the Negroes, though slaves, believe themselves of a 
superior nature to the Indians, whom they look on with con- 
tempt, as incapable of discernment and reason*." Their early 
conquerors, the Spaniards, readily fell in with a doctrine so 
favourable to the violence and cruelty with which they were 
inclined to treat the unfortunate Americans, who were, how* 
evNT, rescued from this nominal degradation, by the celebrated 
bull of Pope Paul III., declaring them to be ^^real men, and 
Jiot, as was commonly asserted, a race of animals." 

The habitation of these ^' real men" is daily becoming more 
and more confined ; they have shrunk from the proximity of 
ikeir Caucasian brethren, whose superior power and intellect 
have served so much' oftener to destroy than to improve* 
Driven £rom almost the whole of their Atlantic coasts^ they 
have retired (to the interior of the country, where they still 
may tread the pathless forest, and wander by their mighty 
streams; in such haunts they still retain their distinctive 
marks, their characteristic traits; of these, we are convinced^ 

* Tbto contempt the Indians are not alow to rettun, and their ideas reapeot- 
ing the relatire pUces held by each, in the animal scale* are pithUy exproMod 
in their usual classification :— ** God make white man first, then red man, then 
dor> <Mtf then niffffer." 
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much yet temaiiiB to be learned ; and observations respecting' 
them we should regaid as amongst the most valuable additions 
to anthrop(dogical science. 

6. The Malay variety is, ve think, by many degrees the 
most imperfect of those which Blumenbach has proposed ; in 
fact, it contains all that he could not put into his other va- 
rieties, forced together in this ooe, though often exhibiting 
great dissimilarity of character, and the variety, as it at pie- 
sent stands, includes almost every possible shape of skull and 
form of body, from the noble-looking Otaheitean, *^ erect and 
&ir," whom we scarcely can distrnguish firom a Caucaaan, to 
the black and woolly-headed Papuan, the near neighbour of 
the Negro, or the underiimbed Mallicollese, whom Dr. Foister 
describes as a small, nimble, ill-&voured set of beings, who, of 
all men that he ever saw, bordered the nearest upon a tribe of 
monkeys. Yet some of the three exhibit much resemblance 
to the inhabitants of the peninsula of Malacca, from whom 
they all derive the common name, and who are described as of 
a chestnut-colour, varying to yeUowish on one side, and deep- 
brovm on the other ; with the forehead retiring, yet rounded, 
the nose large and thick at the extremity (a bottle nose) ; the 
eyes of a black colour, elongated, half closed, and raised towards 
the temples; the cheek-bones moderately prominent; the 
mouth large, the upper jaw much advanced ; the hair thick, 
curled, long, and soft, of a colour always black ; and the gene- 
ral figure good, and calculated for active exertion* Such is the 
description of the chief inhabitants of the Malaccan peninsula, 
and ^it certainly rather fstvours M. Yirey's opinion, that the 
Malays are a sort of bastard race, between the Chinese Mon- 
golians, and the Papuans, whom he looks on as nearly allied 
to the Negroes. The gradation certainly is extremely gentie, 
and by steps almost imperceptible, whether we ascend or de- 
scend, and we consider this race, if taken in connexion with 
the consideration of its various, yet similar, dialects, of its 
analogous habits, and of the traces which can be found of its 
divergence £rom a common point, to be that which goes furthest 
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towards detennining the identity of the human species, under 
its several varieties of form, and showing the possibility of 
members of a common stock presenting, in their physical 
formation, characters so widely different. *^ These vaiietiesy'' 
says Dr. Prichard, '^ are here so blended, and they appear imder 
circumstances so clearly identifying the race, that we are pre~ 
vented from falling into a suspicion,^ which would otherwise 
arise, that these different kinds of people are of distinct fami- 
lies. If their mutual separation were somewhat more broadly 
marked, this hypothesis woidd have been forced on us. Aa 
the case is, it would be scarcely more absurd to assert, that the 
natives of London and Edinburgh are distinct species of men^ 
than to maintain a similar pretence with respect to the New 
Zealander and Otaheitean." 

We come now briefly to consider the principal differences 
we have pointed out as existing between men and men, and to 
inquire whether they are of such magnitude, and of a character 
80 unalterable, as to render it impossible that all mankind 
should have descended from a common stock. It might be 
supposed that the quality by which men are most surely dis- 
tinguished from other animals, would, by its gradations, afford 
no bad standard for ascertaining differences of origin and breed 
amongst themselves, did any such exist ; and, accordingly, the 
obvious ffenertil inferiority of the Negro to the Caucasian has 
been much insisted on, as a proof that they could not have 
sprung from common parents. But it is evident that the cha^ 
zacter, to be specific, must be invariable ; and will any one 
pretend to say, that every white is superior in intellectual 
powers to every black? The assertion would be ridiculous : 
we have a sufficiency of individuals, endowed with about as 
much sense as Pope's lord, who was ^ &r too wise to walk into 
a well;" while on the other hand, individuals amongst Negro 
tribes, have been found to exhibit a clear and comprehensive 
intellect, and to attain a distinguished proficiency in the arts, 
and even in abstruse science. H. Gr^goire has written a work, 
^ De la Litt^rature des N^gres. Paris, 1806," in which he col* 
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]bet0 aumeroua sueh examples^ and Blumeahach. poaaeaaes 
.pwimensoC finglish, Dutoh, and Latin poetiy, written bj 
Negro auihoBk That skill and talent, togethier with some of 
the higher moral feelings, were called into display during the 
reyolt, which ficeed the Hayiian republic from the Fnauati 
yoke, admits of no question ; nor has there been any lack of 
political sagadty in the mode in which it has been subse- 
quently governed. Lislet^ a Negro of the Isle of France, was 
named corresponding member of the French Institute, on 
account of hk meteorological observations; Hannibal dis^ 
tinguished himself as a colonel of artillery, in the Russian 
service; and Fuller, of Maryland, was an extraordinary 
example of quickness in reckoning. Being asked, in a com* 
pany, for the purpose of trying his powers, how many seconds 
a person had lived, who was twenty-seven years and some 
months old, he gave the answer in a minute and a hal£ On 
reckoning it up after him, a di£Ferent result was obtained: 
'^Have you not forgotten the leap years?' said the Negro. 
The omission was supplied, and the number then agreed with 
his answer. 

As coimected with intellectual developement, the form of 
the brain and skull has been much insisted on as showing a 
diversity of species. It is true the Negro exhibits a most 
remarkable difference in this respect, from the Caucasian, and 
were we merely to confine our view to these extreme cases, we 
should have little hesitation in inferring original distinctness. 

*' Having filled," says M. Virey, ^^ with water, the cranium 
of an European, and having poured thb water into the skull of 
a Negro (both adults), I found, in a first experiment, that the 
head of the European contained four ounces and a half more 
liquid than that of the Negro. Another experiment, on other 
skulls, gave me nine ounces more capacity in the white than 
the black. I have also observed that the head of a man, 
whether black or white, contains two or three ounces more 
water than the head of their respective females." 
, , This difference in capacity is attended, as a reference to our 
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descriptions will shoWy by a no less striking diffftMinoe of tofto^ 
l>iit neither of these is permanent: onr Pole, already meii- 
tioned, with his rapidly-retreating forehead^ of eoBrse, lofit 
sadly in capacity; while, on the other hand, the celebrated 
Abbas Gregorins, to the black complexion and crisp hair of the 
^Ethiopian, added a perpendicular forehead, and well-developed 
brain, that would haye done honour to any Cancaoan. But 
'when we come to consider the connecting links, and take into 
account the conformation of intermediate tribes^ the difference 
totally disappears through each progressive step, and we find aa 
assemblage of skuUs, diverging, as it were, fiom the Caucasim 
In the centre, on the one side towards breadth and squareness 
terminatmg through the American in the Mongolian, or on the 
other side, towards narrowness, depression, and contractioi^ 
already indpient in some of the Caucasian race, more observ- 
able in the Otaheitean form, increasing through the various 
Polynesian and Papuan tribes, until we arrive at the savage 
inhabitants of New Guinea, Louisiana, or New Galedoma, in 
"whom the projecting muzzle, the retiring forehead, tiie narrow 
skull, the black skin, the hair aU but woolly, and the nose 
all but flattened, offer such« striking proximity to the Negro 
f(»rm, as to defy all attempts at constituting them a separate 
species. 

Our analogical argument conducts exactly to the same con- 
clusion. The skull of the wild boar differs widely from that 
of the domestic pig, yet they are allowed to be of the same 
species. ' The different breeds of' horses and dogs present 
remarkable varieties in the shape of the skull, and, adds Mr. 
Lawrence, " the very singular form of the skull in the Paduaa 
fbwl, is a more remarkable deviation from the natural stro^ 
ture, than any variation which occurs in the human head.*' 
\Equally little can combinations of features, hair, and com- 
^plexion, be adduced as decisive marks of original difference. 
The Tibboos, so accurately depicted and so weH described by 
Captain Lyons, present few peculiarities of the Afi4can race, 
fxcept the black complexion* Their features and form are 
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netsAy Emopean, and their hairy though cniledy and somewhat 
frizzled, is not woolly* Some of the Kaffisniy on the other 
handy have the woolly head and black complexion, bat the 
eonfonnation and general figure still European, while othen^ 
of this same tribe, present perfectly the features of the Negio. 
How is it posable to draw a line here? Again, ^Other in- 
stances hare been mentioned," says Dr. Prichard, ^in which 
the black colour is combined with JN'egro features^ while the 
hair is more like that of Europeans/' In Albinoes the features 
are Negro, the hair long and soft> and the skin perfectly white: 
these Albinoes may be the children of Negro parents, and may, 
in their turn, have Negro children. Yet these are among the 
races, for which Voltaire would haye us establish a dicAinct 
original stock ! The singnlar fiicility with which some men 
believe eyerything that seema to contradict the Scriptural 
account, contrasts strangely with their obstinate soeptkaam 
regarding anything that may give it support. 

The difference of hair is perfectly trivial : every one knows 
that the same race of sheep bear hair in one'country and wool 
in another. In our own country, a mixture of hair will 
appear in the fleece of such as are neglected ; by breeding from 
such auimalB, we should soon get a race entirely hairy, but as 
this is not our object, we generally adopt the reverse plan, 
reject those in which hair has appeared, and thus get a race 
perfectly woolly. 

The colour of the hair is equally unimportant. It is gene- 
rally black in the dark races of men, and it is only amongst 
Caucasians that it is found £ur, auburn, or red. But to this 
also there are exceptions. The hair is universally black 
amongst the Hindoos, whom we must look on as nearly allied 
to the Japhetic race, while Winterbottom found it red in 
AMcans and Mulattoes. Sonnerat reports the same of some 
•Papuans. Forster found individuals with yellowish, brown^ 
or sandy hur, at Otaheite, and Pallas mentions instances of the 
aame kind amongst the Mongolian tribes ; though, he remaiio^ 
ihey were very rare. In animali^ more particulariy such as 
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have come under the inflitenee of domestication, colour is 
allowed to be of no arail in determining species. 

The pigs of Piedmont are ail black, and those of Normandy 
ail white, yet no one supposes them of different species ; Dr. 
Buchanan found, in Mysore, three varieties of colour in sheep, 
red, black, and white, '^ and these are not distinct breeds ;'* but 
further, in the Arctic regions the same animal will be white at 
one season, and black. at another; which puts colour, as a 
criterion, totally out of the question. 

Size cannot for a moment be proposed : we all know what 
differences, in this respect, may occur, even in members of the 
same family, and there is not one of the five yorieties we have 
specified, in which certain tribes may not be distinguished from 
others by their height, without any one having, therefore, 
thought of assigning them a different origin. The pigs in 
Cuba have grown to twice the size of their ancestors, imported 
by the Spaniards ; and do any two races of men differ so much, 
in this respect, as the great dray-horse of Flanders &om the 
little Cingalese ponies, which do not exceed thirty inches in 
height? 

Certain other characters have been mentioned, which appear 
to us equally inadequate. Of the facial angle, adopted by M. 
Yirey, we have already spoken. Desmoulins asserts the spe- 
cific difference of the Guanches, because ^^ the fossa at the end 
of the humerus for the reception of the olecranal process of the 
ulna, which in us is only a deep hollow or pit, is in them a 
hole, opening quite through the bone." But M. Desmoulins 
does not condescend to say on how many individuals he has 
verified this fiK^t: whether his observations are confined to one 
or two, which is probable, as Guanche skeletons do not abound 
in Paris, or if more extensive, whether they admitted of any 
oxception. Until he mentions these facts, we can by no means 
allow his character to be of the slighest value, as he must well 
know the transformation of a notch into a foramen, or the 
opening a foramen into a notch, or the closing a furrow by a 
bony sheath, so as to dumge it into a channel, are among the 
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veiy most ordiiiary varieties met with in the skeleton ; and 
no man has made a dozen dissections, who has not found the 
frontal branch of the ophthahnic nerve passing at one time 
.through a hole, at another through a notch, or seen at the 
bottom of the orbit, another branch of the fifth pair, now run- 
ning in a groove, and again arched over with a thin plate of 
bone : nay, who has not seen a canal on one side, and a furrow 
at the other, of the very same skeleton. How M. Desmoulina, 
for whose anatomical talents we have all proper respect, could 
have attached any importance to a point so utterly trivial, is 
truly astonishing; we can only account for it by the poet's 
rule, ^'Sua dira cupido fit Deus cuique." Soemmering had 
observed a difference in form between the stomach of the Negro 
and that of the European, but had not thought this of sufficient 
weight to be quoted as a proof of specific difference. What he, 
however, left undone, another, assimiing the fact without 
acknowledgment, has attempted fi)r him. ^^ I had frequently 
observed," says Mr. Madden, in his 2V<wels in Twrhexf^ &c., 
^ that the exhibition of an emetic to the Negro soldiers, was 
often attended with convulsions, and even death : on further 
inquiry, I found that these remedies invariably produce dis- 
tressing efiects on all the black people of Dongola and Sennaar ; 
on examining the body, I found the stomach different from 
that organ in white people, both in size and structure. As the 
difference has not been noticed hitherto, I am free to acknow- 
ledge that the appearance I observed might be the consequence 
of disease, and not its natural state; but, as I remarked the 
same especial difference in three cases, I think I am warranted 
in the supposition that the smalhiess of the Negro's stomach, 
and the peculiar corrugation of their folds, are no less distinct 
marks of that race than their thick cranium, and prominent 
cheek-bones." The number of Mr. Madden's observations is 
truly astonishing; but without resorting to the supposition of 
a distinct race, we do not find it very strange, that when people 
have died after severe vomiting, their stomachs should be small 
and corrugated: were size of stomach to be admitted as a 
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standard of species, there is little doubt the London aldenoan 
might claim an Adam for themselves. 

Mr. Madden, however, has another proof: *^ I discovered, 
likewise, a difference in the skeleton in ttoo of these cases, each 
having six vertebne of the loins, instead of five ^ and upon 
examining the spines of many living Negroes, I find the occur- 
rence of six lumbar vertebrae vefy frequent. This accounts for 
the extraordinary length of the lumbar part of the back in so 
many Negroes. That they are a distinct race, J think, is evi- 
dent from these and other peculiarities." It is equally evident, 
if this standard be of any avail, that two of the Negroes above 
mentioned, were of a different race from the third, and that as 
the occurrence is only vefy freqwnJty it is not imiversal. But 
further, six lumbar vertebrae may be found in a long-backed 
white, as well as in a long-backed Negro; and a skeleton of a 
man seven feet three inches high, in the Museum of the late 
Professor Rudolphi, is expressly stated by him to exhibit this 
perfectly accidental variety *. 

The fact is, all our differences are superficial, and of thai 
kind which Cuvier has shown to be most easily produced by 
accidental variations in external influences, in nutrition, and 
generation. And this is honestly admitted by our most deter- 
mined, (we regret to say, in many instances, our most unneces- 
sarily pro&ne,) opponent. Colonel Bory de Saint Vincent. 

^^ Before commencing the examination of each of these 
species," he says, ''we must confess, that to establish their 
characters in an imquestionable manner, many anatomical 
details are still wanting. We have been obliged to stop too 
often at simple external differencesf, though at the same time 
we feel convinced that it is necessary to descend deeply into 
the organization of beings, to distinguish them invariably from 

4( The fact may, indeed, be found stated even in elementary anatomical 
works; thus, in the edition of Cloqnet's Anatomie DtseripUve, by Dr. Knox, we 
read, *' It not unfrequently happens that the number of ribs is found to vary. 
There are never, however, more than thirteen or less than eleven. When the 
number of ribs is thus increased or diminishedf 0ke iome fhewminon it obitrvecf 
with rcipeet tQ the dorsal verU^(g*** 

2b 
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cne another. In certain casea^ we hare found onneiTes redmoed 
to seek lather in the aoonmnlation than in the leal yalne of 
difference^ the haaes of onr hihaiir. Bnt an i iuHnet i ve eonciC' 
tUm telle ns that future observatione will confinn the anaaga* 
meat which we have instituted." (Bory de St. Vinoeiit. 
L'Hmme.) 

We have too high a feepect %n inatinetiTe oonvictioai to 
attempt anaweiing them; meantime^ we wiah to put ft on 
neeoxd that Colonel Boxy de St. Yiacent's division of the hunua 
laoe into fifteen distinct apeeicsy the object of so nai^ indepon- 
dent cieations, zests on an tmtibeflMw eotmctkn that its tniih 
will be established by future obeervecB. 

We may add, that those who moat earnestly oonteod %a 
the Ibxmatlon of many Adanu^ can by no means i^gree amongst 
themselves as to the necessary number. M. Yirey is coBtent 
with two; M. Desmoulins at first was satiBfied with deven, 
but in his last work, cannot do witii less than dzieen; fifteen 
we hare seen suffice for Colonel Bory de St. Vmoenty while 
Budolphi gives up the questkm as incapable of solution. 

We shaU, as regards this poiirt, make but one more obssN 
vataon. Animals are ail subject to variation in a greater or 
ksMr degree,— -this degree may be estimated by the extent to 
which they have been made the companioDs and servants of 
man,-!-afiJ varMeB fmffmaUng tn this vk^, become perwummA 
iy deeceni. From circumstanoes of this kind, cats exhibit a 
long and silky hair; oxen become long-homed or without 
honui^ or display a peculiar colour, or develope a fatty hump on 
the back, which they preserve even when transported to a 
different dinuite ; eheep become haiiy or woolly, or have spiral 
horns or &t tails; the domestic hog loses its tusks, becomea 
ahort-I^;ged in one place, and long-legged in another, exhibits 
a solid hoof, or three toes, or two of monstrous appearance, 
half a span in length ; while the varieties of the dog are almost 
endless, and even run so &r as the developement of an addi- 
tional toe on the hind foot, with a tarsal bone to correspond, 
as we see occasionally six-fingered &milies among the human 
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land. Sbt^ it then be wd, that all tliese aaimaU are to be 
■abject to varistion and alteiatioii, and that in the dixeet xatio 
in which they are brought within the influence of dmnestioa* 
tion and cultivation, but that maa alone^ who fiu; beyond them 
id], is aabjeet to these influences^ must ramain ^^ unchanged 
and unchangeable," or that ereiy deviaticm £roin an ideal 
abendard must be set down to an original specific diflerence 
instituted at the eieatioiv and since handed down? The sup* 
position is enonnous:^— we have dosed this part of onr subject* 

Bespecting the causes of variety, we idiall speak briefly, as 
(hoy are known imperfectly. Dr. Prichard has laid down 
and confirmed by very numerous examples, the prindple that 
dianges product by external causes in the appearance or con* • 
atitntion of the individual, are t^aipomry, tenninate with tho 
individual, and aife not propagated to his posterity: such, 
thwefore, can nev^ produce a permanent variety* But, pecu- 
liarities bom with the individual, and thus forming part of hia 
original constitution, are transmitted by descent, and if hia 
posterity were by any circumstances so isolated, as that inter* 
marriages amongst themselves became necessary, the new 
peculiarity would in a few geaemitions become permanent, and 
in this way a variety be produced. 

The first of these propositions is in direct opposition to the 
common opinion that climate is the cause of variety. Nothing 
can be more erroneous^ and scarce anything more universally 
apread, than this belief We find it in authors ancient and 
modem; we find it in Herodotus, in Strabo, and Pliny; we 
find it in Smith, in Humanbach, and Bufiim, assigned by turns 
aa the cause of the dark compleadon or the woolly hair; nay; 
Volney has even gone so £sr as to suppose it will account for 
the form of the features. ^^ J'observe," says the last, ^ que la 
figure des Negres repr6sente pr^dsement cet 6tat de contrac- 
tion que prend notre visage lorsqu'il est finppd par la lumiere 
et une forte reverberation de chaleut. Aloia le sourdl se 
forme; la pomme des joues 8*616 ve^ la paupiere se serre; la 
bouche &it la moue. Cetteconii»ction, qui a lieu perp^ualla* 

2s2 
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ment dans la peau nnd et chaud des Negres, n'a-frelle pas dii 
devenir le caractere piopre de leur figure?" The Teasoning of 
a gentleman whose observations on Egypt have only just seen 
the light, complete M. Volney's picture in the only part 
which he left imfinished. ^^The effect/' says Mr. St. John, 
*^ of the climate of Egypt upon the hair, is remarkable. My 
own beard, which in Europe was soft and silky, and almost 
straight, began immediately on my arriyal at Alexandria 
to curl, to grow crisp, strong and coarse, and before I 
had reached Es-Souan resembled horse-hair to the touch, 
and was all disposed in ringlets about the chin. This is 
no doubt to be accounted for, by the extreme dryness of the 
air, which, operating through several thousand years, has in 
the interior changed the hair of the Negro into a kind of 
coarse wool." 

But however numerous the names by which such theories 
are supported, we feel not the least hesitation in pronouncing 
them erroneous, when we find them contradicted by undoubted 
facts. The tropical regions of Asia and America -arc to the 
full as hot as the regions of southern Africa, yet their inhabit- 
ants have hair as smooth and flowing as ours. It is true, that 
in a general way, it may be asserted, that colour deepens as we 
approach the Line, and Buffon has taken care to make the 
most of this £act : ^ The heat of the climate," he says, *'is the 
principal cause of colour; when the heat is excessive, as in 
Senegal and Guinea, then men are altogether black; when it 
is a little less intense, as on the northern coasts of Africa, men 
are less black ; when it commences to become more temperate, 
as in Barbary, Mongolia, Arabia, men are only brown ; and 
finally, when it is quite temperate, as iii Europe and Asia, 
men are white." Had he pursued his subject a little further, 
he would soon have found how untenable was his idea. 

The Esquimaux, the Greenlandeis, the Samoiedes, and 
other tribes surrounding the pole, are of a deep tawny colour, 
though their very moderate portion of sun should have left 
them delicately &ir ; and the inhabitants of New Guinea, New 
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Britain^ New Ireland, &c^ present much deeper shades of 
blacky than could be at all accounted for by their situation 
xelative to the Equator. Madagascar is inhabited by two 
races of men, one black, the other only olive, yet they cer* 
taSnly undeigo the same degrees of temperature; but thd 
theory is at once upset by a reference to the new world, in 
which all the inhabitants exhibit the most remarkable uni- 
formity in their red or copper-coloured tint, always excepting 
the Esquimaux and tribes fEurthest north, who show the 
darkest complexion. It is true, indeed, as every one knows, 
that exposure to sun and air deepens the colour of the indi- 
vidual ; but it remained for Dr. Prichard to observe, that the 
effect ceased with the individual, and was not propagated to 
his ofispring. Of this there can be no doubt. The children of 
the Moors and their women, who are constantly confined to 
the house, are as delicately fair as any Europeans ; the same 
xuay be said of the children of the English in the West Indies^ 
where, nevertheless, they have been settled so long a time ; 
and Dr. Buchanan found at Cochin, on the Malabar coast, Jcmts 
whose documents proved them to have been located there 
more than fourteen hundred years, and yet, having kept them- 
selves distinct, they resembled in every respect, both of feature 
and complexion, their European brethren. Were any further 
proof required, of how little the sun has to do in producing 
intenfflty of national colour, it might be found in the fact 
noticed at the Sandwich Islands by M. Charis, ^Hhat the' 
most delicate young girl, the least exposed to the effects of 
elimate, is black; while the men constantly obliged to work 
iinder the rays of the sun, are almost an orange colour;^* to 
which we may add Dr. Prichard's testimony, that the domes- 
tic Negroes who are protected from the heat of the sun by 
more clothing, and who pasa their time in sheltered houses, 
are of a darker complexion than the slaves who labour half- 
naked in the fields. 

This point being settled, we turn to the second proposition, 
namely, that, ^ All original or connate peculiarities of body 
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ave heteditaryy^ and of this tre haye the most ample proof in 
the prop£^tion of peculiar hreedg of ttnimalw. Every one 
knows that from a hornless boll and cow you will get a calf 
which never shall have horns; that an Arab hone and maie 
will breed an Arab colt; that jonr short-legged Chinese pigs 
will not give yon a &row of the long-legged Norman kind; 
nor your pricked-eared, rough-haired cur, a degenoate dwindled 
lap-dogy with its pendant flaps and silky coat. In the human 
species, also, proo& are abundant. Each peculiar variety pnn 
pagates itself with aU its peculiarities^ and in eveiy circum- 
stance of dimatey food, scnl, or other external Influence, 
Negroes are bom in Europe, Caucasians in India, white 
races in warm climates, and dark races In cold. Lmnmeiable 
instances of the tendency of the child to resemble the parents 
are well known and authenticated. The thick npper-lip 
has been in the Austrian fiimily for centuries; a noee^ 
as Washington Irving pleasantly observes^ may be found to 
repeat itself through a whole long gallery of family pictdxes; 
mx-fingered £Eunilies have been known to preserve their dis* 
tinctive mark for several generations ; and there is this moment 
in London, a man whose skin is beset by numerous warty and 
homy excrescences^ and who is the fourth in descent from the 
person originally marked with this unpleasant distinction, and 
knovm to every one under the name of ^ the Porcupine Mao.'* 
In short, it seems a general law, that all animals ahall be 
bom with a resemblance to the oHjffHuU state of their parents; 
a butterfly must first be a grub, because the parent butterfly 
was so; and the young frog must first be a fish, before it xisea 
to the rank of a reptile. Occasional deviations firom this law 
occur; when they are great they constitute monstrosities; when 
slight, varieties; but in each case they are the result of some 
impiesmon or change wrought on the ovarium during concept 
tion, or its subsequent foetal existence; and the imperfection of 
our knowledge of the hiysteries of generation and growth ia 
the trae cause why we are unable folly to appreciate the 
nature of these changes^ and, therefore^ the true origin ox 
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varieties. As the sabject, howeyer, is of extreme interest^ we 
shall yentore a few words respecting it, premising that they 
csaimot be looked on as at fdl interfering with the former parts 
of onr argument^ which must depend on the proo& there ad- 
dacedy but must be considered merely as an attempt to show 
liow certain of these rarieties mi^ have arisen from certain 
notiixal causes, and thus the diffisrent conditions of men have 
been produced. 

In observing the growth of the foetin^ we find that all for- 
nUKtion takes place from the cizcomference towards the centre ; 
that the former, being laid down at a time when the contents 
of the uterus are most mobile, most susceptible, of impression^ 
sate therefore the most liable to aberrations from the normal 
standard*. This rule is exactly exemplified in monstrous 
births, in whom we find the irregularities more frequent at the 
snrfEU^ than in the interior, at the extremities of any system 
than towards its centre. Thus^ in the nervous system micro- 
ctphaHa, €mettCiphalliay or i^ptna b^da, affections of the top and 
bottom of the cerebro-spinal axis, are much more common than 
any afPeciion of its centre : in the digestive system imperforate 
aonus, or imp^ections in the month, the palatine vanity &c, are 
much more common than deformities of the stomaclu 

The case is the same in varieties. We have shown that men 
differ most in the form of the brain and the extremities, and at 
thesurfiioe. 

To simplify the question, let us take one of these points^ 
and we shall choose the most important, that which has beea 
chiefly relied on in the attempt to joove specific difierences^^ 
the various forms of the brain. 

One of the commonest causes of monstrosity, as laid down 
by Haller, and since illustrated by Meckel, is arregtofdevdqpB* 

[* This is an open question. M.Sevns, who proposed the doctrine of eooentrlo 
or centripetal developement, as well as Qwttroj 6t Hilaire and his son, the 
wannest supporters of the same, assert, that those organs which are the latest 
formed are the least constant ; that the large trunks are more frequently irze- 
galar in their coniae and distribation than the superfidal tnanches of an ajrteqr» 
or a nerve ; and they adyance these, and similar facts, as proofs of the soondness 
of their theory.] 
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menty thai is, the ceflsation of growth in any particular organ, 
while the rest advance towards their usual standard : this, it is 
evident, may he caused hy accidental pressure on the vessels 
leading to that organ. 

We owe to M. Series the very interesting remark, that the 
biain of the Caucaman, in arriving at its full developement, 
represents transitorily the forms which in the Negro and Mon- 
golian are permanent. 

Now let us suppose that when the brain was in either of 
those pheueSy arrest of developement had taken place, a man 
would have been bom with either the Negro or Mongolian 
cerebral formation. 

It will be remembered that we stated the Caucasian, the 
Mongolian, and the Negro, to be the three primary, or best- 
marked varieties^ and that this opinion was also held by 
Cuvier. 

Having shown how one mdividual may have been produced, 
the next question is, as to the probability that his peculiarities 
would be continued. 

The most satisiactory reply to this question is afforded by 
tiie fBcta connected with the origin of a new variety, or breed of 
sheep, as detailed by Colonel Humphreys in the Phihtapkieal 
Transactions for 1813. 

In the year 1791, one of the ewes on the farm of Seth 
Wright^ in the State of Massachusetts, produced a male lamb, 
which, from the singular length of its body, and shortness of 
its legs, received the name of o<i^-breed. From the curvature 
of its fore-legs^ which caused them to appear like elbows when 
the animal was walking. Dr. Shuttack termed it aneon*. 

This physical conformation, incapacitating the animal from 
leaping fences, appeared to the farmers about so desirable, that 
they wished it continued. Wright determined on breeding 
from this ram, and the first year obtained only two, with the 
same peculiarities. The following years he obtained greater 
lyombers, and when they became capable of breeding with one 

♦ From 'Ayxciiy, an elbow. 
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another, a new and strong^ marked variety^ before unknovm to 
the worJdy was established. 

In this case we see a yariety, originating by accident^ per- 
petuated by cnltiyation, that is, by constantly uniting indi- 
viduals marked with the same peculiarities. 

This could not be arbitrarily done for the human-kind, but 
it ixuight be brought about by the force of circumstances. Dr. 
Piichard has shown that there is a tendency* to the repetition 
of a variety which has once occurred ; thus, there are generally 
more Albiooes than one in the same family. 

Were, then, a fsimily, in which any of the above peculiarities 
had a tendency to occur, isolated from the general stock, so as 
to necessitate frequent intermarriages of its members, their 
peculiarities would be repeated, propagated, and, in a few 
generations, rendered permanent. 

But this isolation could only take place when the world 
was thinly inhabited, and a wide space intervened between 
family and family. 

Any peculiarity occurring now-a-days speedily merges by 
intermixture, and returns to the common standard. 

Reverting, then, to the objection started at the beginning of 
our article, it is perfectly clear that the circumstances there 
alluded to are not the true cause of the propagation of a pecu- 
liarity, though they might have some influence on its produc- 
tion ; on the contrary, that this propagation into permanent 
varieties could only have occurred at the time to which it is 
referred. 

One word more : the varieties, as we have shown, are of the 
simplest kind, and obey the simplest law, that of arrest of de ve- 
lopement. Had a six-flngered family then originated, they 
would, with equal certainty, have been propagated, and we should 
now have a six-fingered race, whom those reasoners, would, 
doubtless, set down at once as a clearly distinct species, and the 

* The existence of this tendency was strongly exemplified in the mare, which 
haying once conceived by a quagga, had afterwards no less than three or four 
foals begotten by different horses, yet all exhibiting ftiore or less of the quagga 
form. 
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giomidB for eo doii^ would be infinitely stronger than any that 
now exist. For eyeiy anatomist will admits that the develope- 
ment of an additional finger, with its additional phalanges and 
metacaipal bones^ its additi<»ial arteries and mnscles^ and 
nenresy and integnments, is a &r greater deviation from the 
normal standard, than a simple deficiency in the derelopement 
of any party a want of itsarriving at its fall growth. But, such 
varieties as the former do appear amongst us even now, though, 
from the canses already mentioned, they have not become per- 
manent, therefore, d /arHoriy such varieties as the latter nu^ 
have appeared, and, not beii^ subjected to the same causes, 
would, as we have shown, have become permanent. 

It is, therefore, contraiy to anatomy, physiology, and 
analogy, the sorest tests which we can i4>plyy to consider the 
existing varieties of the human-kind as different species. 

Therefore, aoooiding to the best grounds upon whidi we can 
reason, all mm are deaomdedfivm cne eammon stock. 
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131 Gnkn honu He obtained an mdefinite idea of the difference 

between nerves of seneotion and nerves of motion, and was 

the first who proved that the arteries contain blood during 

life. 
1563 Fa//opto died. Herestoredour knowledge of the uterine tubes, 

wbichy after him, aie named Fallopian. 
1574 Fabricius demonstrated the valres in tiie veins* 
Euttaehius died. He described the eapsules of the kidneys^ 

the thoracic duct, and the Eustachian tube. 
1G05 Aldravandus died : gave an aeoouit of the internal Btniotoro 

and physiology of several classes of animals, especially of 

fishes.' 
1616 Harvey first taught the true theory of the drcolation of the 

blood. 
1619 i^o^rtctttf died. 
1622 AseUius, of Pavia, discovered the laeteala in the mesentery of a 

live dog. 
1628 Harvey first published the facts of the circolotion of the blood 

in his ExereiiaHo Anatomica de Motu Cordity et Sanguinity 

in ArAmaUbug: Frankfort* 
1634 Veslingius described the lacteals in the human body. 
1651 Hudbec, a Swedish, and BarthoRney a Dntck, anatomist^ du* 

covered the lymphatics. 

Pecquet described the tnie function of the thoiaeic dncC 

1653 Barthoiine published an account of the lympfaaties. 
1661 Mdlpighi described the internal stmctore (tf the lungs. 
1664 Swammerdam observed the valves in the abaarbent vessels. 

1677 Hooke alludes to the use of atmospheric air in reapiration, and 

illustrates that function by the phenomeoa of combustion. 

1678 Leeuwenhoeck discovered '' that the whole tooth is made up 

of very small, straight, and transparent pipcn^" 
1688 Ferratat died. 
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1694 Mdlpighi died. By dmtingni»hing the rete mnoosom from the 

catide, be diBOOTered the true seat of colour in the body. 
1707 James 'Douglas wrote The Comparaiive Description of all the 

Muscles in a Man and in a Quadruped (a dog) — very correct. 
1721 Lady Mary Wortley Montague introduced inoculation for the 

small-pox into England. 
1726 M. Noguez described the lymphatic system in a work entitled 

VAnaiomie du Corp de VHomme en abrige, 
1738 Boerhaave died. 
1744 The first work on comparative anatomy published in England, 

consisting of manuscript notes taken from the lectures of 

Monro Primus. 

1757 Dominica Cotugno proved that the labyrinth of the ear con- 

tains a certain liquid ; and laid the foundation of all our 
present knowledge of the physiology of that organ. 
Haller*s work on physiology published. 

1758 JTis/^ published his discoveries regarding the developement of 

the chick in ovo. 

I7O6 MM. du Hamel and TUlet accidentally discovered that the 
human body will bear, without injuiy, a temperature of 288** 
Fahr. 

1761 Dr. Hales died. 

1767 ^tt/jver described the influence upon taste caused by the contact 
of different metals with each other, and with the tongue. 
This is the first fact of galvanism, but Sulzer was uncon- 
scious of its importance. 

1770 Albinus the anatomist died. 

1771 Peter Camper discovered the air-cells in the bones of birds. 

William Hewson discovered the lymphatic system in birds and 

fishes. 

— Priestley noticed that air, deteriorated by animal respiration, 

b purified by the respiration of plants. 

1773 Dr. Walsh discovered animal electricity in the torpedo. 

1774 John Hunter, independently of Peter Camper, discovered the 

air-cells in the bones of birds. 
1776 ElliSy the naturalist, died. 
1778 Linn(Bus died. 
178d The great work of Monro Secundus, on the structure of fishes, 

published. 
1788 Buffon died. 
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1789 Lyonnet died* 

1790 Galvani discovered that the limbs of a dead frog are con- 

vulsed when the muscles are connected to a nerve by a 
metallic conductor. The fact was previously known, but he 
explained the conditions of galvanism. 

1791 Peter Camper's Treatise an the Facial Anglcy published by 

his son. 
1793 The first volume of Darwin's Zoonomia published. 

1795 Frederick Cuvier began to lecture on comparative anatomy. 

1796 Gall first lectured on phrenology. 
1798 Dr. Jenner introduced vaccination* 
Galvani died. 

1800 The publication of Cuvier^s Lectures commenced* 



THE END* 
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